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Abstract

In 2002 Ramazzini Institute launched an experimental research project to evaluate
the potential carcinogenic effects of power frequency magnetic fields in Sprague-
Dawley rats exposed from prenatal life until spontaneous death to sinusoidal 50 Hz-
magnetic fields (S-50Hz MF) at various intensity levels, or in association with other
agents. For this objective, 4 experiments were planned as an integrated experi-
mental project aiming to: 1) assess the qualitative- quantitative potential carcino-
genic effects on S-50Hz MF in various different exposure situations, with reference
to intensity and continuity/discontinuity of the electric current; 2) evaluate the
effects on reproductivity and embryo/fetus toxicity of S-50Hz MF; 3) assess the
syncarcinogenic effects of S-S0Hz MF and other electromagnetic fields (y-radia-
tion); 4) assess the syncarcinogenic effects of S-S0Hz MF and carcinogenic chemical
agents such as formaldehyde and Aflatoxin B1; 5) evaluate, by molecular biology
analysis, the possible pathogenic mechanisms at the basis of carcinogenesis. In the
research project are included the evaluation of 2,100 breeders and 7,133 offspring.
In the present report will be illustrate the design of the global project and the first
result concerning the carcinogenic effects to the mammary gland in females
exposed to S-50Hz MF from fetal life until death as well as to 10 rads y-radiation
delivered in one shot at 6 weeks of age.
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Introduction

In the seventies, Wertheimer and Leeper, epidemiologists from the Colorado Medical
Center University, were requested by the administrators of the City of Denver, to inves-
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tigate the possible causes of childhood cancers in Denver. They reviewed several possi-
ble causes of childhood cancers known at that time, such as ionizing radiation, atmos-
pheric pollution related to the density of automobile traffic, the mother’s job and the type
of drug assumption during pregnancy, etc. None of the factors or situation of carcino-
genic risk considered showed any significant difference between cases and controls. It
was when interviewing the family in the residences of children with cancers that
Wertheimer and Leeper observed the frequent presence of power lines and transformers.
Surprisingly, they found a significant difference in the incidence of leukemia among
children living near power lines compared to children living in residences not exposed
to such electromagnetic fields (EMF). They also observed that the risk increased at the
EMF intensity of >0.2 puT.

Since 1979, when the results of Wertheimer and Leeper’s epidemiological study were
published', other epidemiological research carried out in many countries on children res-
ident in houses in the proximity of electricity power lines has confirmed the potential
carcinogenic risk from electricity-generated EMF. The epidemiology on EMF and child-
hood leukemia is summarized in a pooled analysis of measurement and calculated field
studies published by Ahlbom et al?. The study concludes that relative risk (with a 95%
CI) was 2.0 (range 1.2 — 3.1) when the exposure is > 0.4 uT.

This association between childhood leukemias and power line EMF exposure in case-
control studies and population studies was not considered sufficient to establish a cause-
correlation for two reasons: 1) absence of a plausible mechanism; and 2) lack of support
from laboratory evidence, in particular adequate long-term carcinogenicity bioassays.
These factors led the IARC to classify EMF power frequency as a possible carcinogenic
agent on the basis of limited epidemiological evidence and inadequate evidence in
experimental long-term rodent bioassays’.

Because epidemiological studies were inconclusive, in the early ‘90s long-term car-
cinogenicity bioassays on rats and mice were performed in order to evaluate the biolog-
ical effect and the potential hazard of the interaction with low frequency magnetic fields.
The reason why research on magnetic fields (MF) attracted particular attention for
potential adverse health effects was because electric fields (EF) may easily be shielded
while MF are not.

Up to now, long-term carcinogenicity bioassays on extremely low-frequency mag-
netic fields (ELFMF) have been conducted in Canada, Japan and the United States (US).
The results of the studies, summarized in Table 1, failed to show carcinogenic effects in
the experimental conditions.

Indeed, the studies performed in Canada and Japan cannot be considered adequate to
expose the carcinogenicity of the ELFMF because of the poor experimental design: only
one sex (male) and short duration of the experiments**; small groups of male and female
rats exposed for 104 weeks®.

The most comprehensive study to date on ELFMF as a potential carcinogen was the
one conducted in the US by the National Toxicology Program (NTP). The results of that
study have been reported in the scientific literature’®. In the NTP study, which was con-
ducted following Good Laboratory Practices (GLP), groups of 100 Fischer 344 rats and
100 B6C3F1 mice of either sex were exposed to one of several magnetic field condi-
tions: 2; 200; or 1000 uT continuously or 1000 pT intermittently (1 h on/1 h off), 60 Hz
linearly polarized MF; one group received sham exposure. Exposure began when the
animals were 6-7 weeks of age and continued for 18.5 hr/day over a period of two years.
After two years of exposure, the animals still alive were sacrificed. The report conclud-
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Table 1 - Power frequency EMF: experimental evidence

Authors Animals Treatment Results Comments
Species/ No Exposure  Duration
strain
Margonato  Rats S.D. 256 males 0;5uT 32 weeks No evidence of Only 1 sex
et al., 1995* per group (50 Hz) (22 hr/day) carcinogenic effect (male); short
duration
(32 weeks)
Yasui et al., Rats F344 48 0; 0,5; 2 years No evidence of Only 1 sex
1997 females 5uT (22 hr/day) carcinogenic effect (female); short
per group (50 Hz) duration
(104 weeks)
Mandeville Rats F344 50 0; 2; 20; 2 years, No evidence of Few animals;
etal., 1997° males and 200 GLP carcinogenic effect short duration
50 females 2000 uT (20 hr/day) (104 weeks)
per group (60 Hz)
NTP, 1998"¢ Rats F344 100 0; 2; 200; 2 years, Equivocal evidence Short
Mice males and 1000 pT GLP of carcinogenic effect duration
B6C3F1 100 females (18.5 hr/day) for thyroid C cell (104 weeks)
per species tumour in male treated
and per group with 2 or 200 uT

ed that there was equivocal evidence for the carcinogenic activity of 60 Hz MF in
Fischer 344 rats on the basis of the increased incidence of thyroid gland C-cell neo-
plasms in males exposed to 2 or 200 uT. There was no evidence of carcinogenicity in
female rats or in male and female mice.

While on the basis of the epidemiological evidence 60 Hz ELFMF must be consid-
ered a possible low potency carcinogenic agent, the plan and conduct of the NTP study
present some limitations for the following reasons at least: 1) to expose the carcinogenic
effects of low potency carcinogens, experimental bioassays need large groups of animals
(mega-experiments) of the type which have been conducted in our laboratories in some
instances; 2) the number of animals per group in the NTP experiment may well be insuf-
ficient to expose the effects of a low potency carcinogen; 3) the limitation is aggravated
by the fact that the experiments were started at 6 weeks of age instead of fetal life and
moreover were truncated after 104 weeks, when the majority of animals were still alive
(male rats 259/500; female rats 301/500; male mice 367/500; female mice 373/500), thus
not enabling them to reach the critical age for developing their neoplastic potentialities.
Had we truncated our experiments on vinyl chloride after two years, we would never
have exposed the carcinogenic effects of the compound at low doses, and the consequent
introduction of the present regulations would not have taken place.

In this scenario the experimental project on ELFMF, planned for several years now
by the Ramazzini Institute (RI), should be considered crucial for evaluating the carcino-
genic potentiality of MF generated by electricity.

The RI experiments were planned as an integrated experimental project aiming to:

221



Eur. J. Oncol. Library, vol. 5

1) evaluate the effects of sinusoidal-50 Hz magnetic fields (S-50Hz MF) on repro-
ductivity and embryo-foetus toxicity;

2) assess the qualitative-quantitative potential carcinogenic effects of sinusoidal S-50
Hz MF in various different exposure situations, with reference to intensity and con-
tinuity/discontinuity of the electric current. Should there be a positive result, the
study aims to identify the target organs of the carcinogenic effects, the type of
tumors observed and their precursors, and other pathological effects relevant to
public health and scientific knowledge;

3) assess the syncarcinogenic risks of S-50Hz MF and other electromagnetic fields (y-
radiation);

4) assess the syncarcinogenic risks of S-50Hz MF and carcinogenic chemical agents
such as formaldehyde and Aflatoxin B1;

5) evaluate, by molecular biology analysis, the possible pathogenic mechanisms at
the basis of the carcinogenesis.

All the animals were exposed to a MF for 19 hr/day from fetal life until spontaneous
death, and all the experiments in the project started simultaneously on July 2002. The
global plan of the project is reported in Tables 2-5. The experimental project encom-
passed 4 mega-experiments including 2,100 breeders and 7,133 offspring.

Table 2 - Experiment BT 1CEM: experimental plan of the research on the long-term biological effects
of sinusoidal -50 Hz magnetic fields (S-50Hz MF) administered alone or concurrently with other expo-
sures, on male (M) and female (F) Sprague-Dawley rats®

Experiment Group Basic Other Animals Duration Effects of the S-50
treatment exposure =M F M+F of the Hz MF to verify
S-50Hz exposure
MF(uT)" to MF
BT ICEM I 1000 C - 253 270 523 LS Carcinogenic and toxic
effects
(as end-point)
II 1000 O/O - 250 250 500 LS Carcinogenic and toxic
effects
(as end-point)
111 100 C - 500 500 1000 LS Carcinogenic and toxic
effects
(as end-point)
v 20 C - 501 502 1003 LS Carcinogenic and toxic
effects
(as end-point)
\'% 2C - 500 502 1002 LS Carcinogenic and toxic
effects
(as end-point)
VI 0 (control) - 500 501 1001 LS -
Total 2504 2525 5029

* Exposure of the animals of the experiment starts from the 12" day of the fetal life, by irradiation of pregnant
breeders

® The treatment with S-50 Hz MF lasts for the whole natural life (Life span = LS), for 19 hr/day, continuously
(C) or intermittently On/Off (O/O)

¢ The control group is shared with experiments BT 2CEM and BT 3CEM
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Table 3 - Experiment BT 2CEM: experimental plan of the research on the long-term biological effects
of sinusoidal -50 Hz magnetic fields (S-50Hz MF) administered alone or concurrently with other expo-
sure, on male (M) and female (F) Sprague-Dawley rats®

Experiment Group Basic Other Animals Duration  Effects of the S-50
treatment  exposure M F  M+F of the Hz MF to verify
S-50Hz exposure
MF(uT)" to MF
BT 2 CEM I 1000 C Formaldehyde 200 203 403 LS Sinergistic
50 mg/I° carcinogenic effects
(as end-point)
I 0 Formaldehyde 200 202 402 LS Carcinogenic effects
50 mg/I¢ (as end-point)
I 0 - 500 501 1001 LS -
(control)*
Total 900 906 1806

* Exposure of the animals of the experiment starts from the 12* day of the fetal life, by irradiation of pregnant
breeders

® The basic treatment with S-50Hz MF lasts for the whole natural life (Life span = LS), for 19 hr/day, con-
tinuously (C)

¢ Administered with drinking water supplied ad libitum, starting from 6 weeks of age and lasting 104 weeks
“The control group is shared with experiments BT 1CEM and BT 3CEM

The project was reviewed and validated by an international scientific committee
appointed by the Regional Agency for Prevention and the Environment in Emilia-
Romagna, Italy.

The biophase ended in June 2005.

This report presents the first results of the experiment designed to assess the potential
syncarcinogenic risks of exposure to S-50Hz MF and to low-dose y-radiation.

Assessment of the syncarcinogenic effects of S-S0Hz MF and low dose y-radiation
exposure (EXP. BT 3CEM): first results on mammary cancer

This bioassay was planned to reproduce experimentally a very common human sce-
nario in which life-span exposure to 50-60 Hz MF may be associated with an exposure
to a low dose of ionizing radiation such as comes from medical sources, nuclear power
production, occupational exposure, etc.

Reported here are the results in terms of the carcinogenic effects on the mammary
gland of female Sprague-Dawley rats exposed both to S-50Hz MF from fetal life until
spontaneous death and to low-dose one-off y-radiation (10 rads) delivered at 6 weeks of
age as an initiating treatment.

Materials and methods
A) S-50Hz MF exposure system

In order to give all the experimental groups the same environment conditions (i.e. a
temperature of 22°C, a relative humidity of 40-60% and a 12 hr/day homogeneous dif-
fusion of light) the rats were located in a room of 60x15x4 m (over 900 m?) (fig. 1).
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Table 4 - Experiment BT 3CEM: experimental plan of the research on the long-term biological effects
of sinusoidal -50 Hz magnetic fields (S-50Hz MF) administered alone or concurrently with other expo-
sure, on male (M) and female (F) Sprague-Dawley rats

Experiment Group Basic Other Animals Duration  Effects of the S-50
treatment  exposure M F  M+F of the Hz MF to verify
S-50Hz exposure
MF(uT)" to MF
BT 3 CEM I 1000 C  y-radiation 110 112 222 LS Sinergistic
10 rad ¢ carcinogenic effects
(as end-point)
I 20 C y-radiation 105 107 212 LS Sinergistic
10 rad © carcinogenic effects
(as end-point)
I 1000 C* - 253 270 523 LS Carcinogenic effects
(as end-point)
v 0 y-radiation 118 105 223 LS Carcinogenic effects
10 rad © (as end-point)
\% 0 - 500 501 1001 LS -
(control)®
Total 1086 1095 2181

* Exposure of the animals of the experiment starts from the 12" day of the fetal life, by irradiation of pregnant
breeders

® The basic treatment with S-50Hz MF lasts for the whole natural life (Life span = LS), for 19 hr/day, con-
tinuously (C)

¢ As initiating treatment, treated one off (una tantum), at 6 weeks of age

“The group exposed to 1000 uT is shared with the experiment BTICEM

*The control group is shared with experiments BT 1CEM and BT 2CEM

The MF exposure system was constructed so as to satisfy a number of conditions,
namely: 1) the MF must be linearly polarised; 2) the field uniformity must be better than
+ 10%; 3) the field lines must be horizontal and parallel to the ground; 4) the supply cur-
rent must have a maximum harmonic distortion of 3%; 5) the field rise time at power up
must be at least 10 periods (for S0Hz, 200 ms); 6) the current generator must be noise-
less; 7) the joule effect on windings must not alter the environmental temperature, a
maximum variation of 2°C being tolerated near coils; 8) coil noise and vibration is to be
eliminated; 9) the natural field level must be no more than 0.1 pT and any mutual inter-
action of the system must be avoided, furthermore the control group should preferably
stay in the same room.

The most stringent constraint is the last one which in fact conditions the possible
choices very strongly. The other requirements can easily be complied with, using prop-
er technical selection.

The exposure system is based on independent devices. Each simple exposure device
serves at least 500 rats leaving enough space to isolate ill/moribund rats.

In order to satisfy the stray field requirements, a good solution was obtained by using
a toroidal-shaped device. Fig. 2 shows the device’s magnetic structure. All the devices
needed are identical and the different intensity of MF is obtained by properly tuning the
power supplies which are of the current- controlled type.
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Table 5 - Experiment BT 4CEM: experimental plan of the research on the long-term biological effects
of sinusoidal -50 Hz magnetic fields (S-50Hz MF) administered alone or with other exposure, on male
(M) and female (F) Sprague-Dawley rats *

Experiment Group Basic Other Animals Duration  Effects of the S-50
treatment  exposure M F  M+F of the Hz MF to verify
S-50Hz exposure
MF(uT)" to MF
BT 4 CEM I 1000 C Aflatoxin B1¢ 102 120 222  Depending Capacity of
the interim enhancing the
on sacrifice formation of
schedule preneoplastic

hepatic foci
(as early markers
of carcinogenic risk)

I 0 Aflatoxin B1¢ 103 102 205

111 0 - 112 103 215
(control)

Total 317 325 642

* Exposure of the animals of the experiments BT 1-4CEM starts from the 12" day of fetal life, by irra-
diation of pregnant breeders

® The duration of the basic treatment with S-50Hz MF depends on the interim sacrifice schedule, is
lasting for 19 hr/day, continuously (C)

¢ As initiating treatment, dissolved in dimethylsulfoxide (DMSO), administered 5 times and 4 times
respectively at the 6" and the 7" week of age; 10 males and 10 females are sacrificed after 2, 6, 10, 14,
22,32, 42, 52 weeks after the end of the treatment with AFB1, and then all animals still alive after 72
weeks

4 DMSO, lcc, by gavage

Fig. 1. Exposure system and the room where was conducted the biophase of the experiments
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Fig. 3. Wood support structure mounted inside the toroidal magnete for allocation of rat cages

The toroid was designed with 24 coils made of three turns of insulated copper cable,
mounted on a superstructure of aluminium composed of two insulated parts in order to
avoid a closed loop subject to total field. The total copper cross section is 11x28 mm?, and
the total current used for 1 mT level is 359.6 A. The electric power is supplied by low cur-
rent density and the large amount of a good thermal-conducting prevents heating, leaving
the device at room temperature. Vibrations and noise are proven to be absent.

Mounted inside the toroidal magnete is a wooden support structure for rat cages
(fig. 3). One of the toroids to be used was mounted and treated in order to verify the cor-
rectness of the computed parameters pertaining to the experiment. All the results were
in agreement with the computed values.

A magnetic field probe was placed at a representative animal location to monitor the
fields.
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The details of the exposure system have been described elsewhere’. The apparatus
was also evaluated by a representative of the USA National Institute of Standards and
Technology (NIST).

B) Gamma radiation exposure system

The radiation source was a therapy unit supplying Co60. Dose measurement was
made using a Nuclear Enterprise dosimeter type 2571A, with a 0.6 cc graphite ioniza-
tion chamber, calibrated in terms of dose absorbed to water with a 4% uncertainty.

Treatment at the required one off dose of 10 rads was divided into two equal irradia-
tions, performed on the ventral and dorsal side of the animals respectively. In this way
the rats were treated by 2 opposite irradiation fields, with an almost homogeneous dose
distribution.

C) Experimental animals

The animals used are Sprague-Dawley rats from the same colony used for more than
35 years at the CMCRC of the RI. The basic expected tumorigram and its fluctuations
are based upon data derived from more than 18.000 historical controls. For the specific
purposes of this report, it must be stressed that in female Sprague-Dawley rats mamma-
ry tumors are the most frequent and an excellent example of a human equivalent animal
model'™"%. All types of mammary tumors, and in particular all histotypes and subhisto-
types of mammary carcinomas, observed in human pathology, have also been found in
untreated female Sprague-Dawley rats. Among the historical controls over the last 10
years the overall incidence of mammary carcinomas in female Sprague-Dawley rats was
8.9% with a range of fluctuation of 2.9-14.1%. The equivalent age distribution of mam-
mary carcinomas is very similar to those observed in women in industrialized coun-
tries”. Like the human counterpart, mammary carcinomas in female Sprague-Dawley
rats give local and distant metastases".

The rats in this experiment were born from strictly out-bred matching. Since female
breeders were being treated, the animals in the experimental groups were predetermined.
At 4-5 weeks of age (after weaning) they were identified by ear punch and distributed
by sex and litter by litter, until the planned number for each group was reached. They
were housed 5 per cage in polycarbonate cages (41x25x15 cm) with covers made of non-
magnetic metal and a shallow layer of white wood shaving as bedding.

The experiment was conducted according to Italian law regulating the use and human
treatment of animals for scientific purposes™.

D) Treatment

Treatment with S-50Hz MF began during fetal life exposing the female breeders from
the 12" day of pregnancy. The breeders were sacrificed after weaning while treatment of
offsprings lasted until natural death. The daily exposure to S-50Hz MF for both breed-
ers and offsprings was 19 hours. The animals of groups I and II were also treated with
10 rads of gamma radiations one-off at 6 weeks of age. The animals in group III were
exposed to MF alone. The animals in group IV were exposed to only one shot of 10 rads
y-radiation. The controls were kept in the same environmental conditions. The plan of
experiment BT 3CEM is reported in Table 4.
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E) Conduct of the experiment

All animals were kept in highly standardized environmental and diet conditions, the
same as used in our laboratories. The daily feed and water consumption were measured
in a sample of 100 animals (50 males and 50 females) from each group from the age of
6 weeks, every 2 weeks, for the first 8 weeks, and then at 4 week intervals, until 110
weeks of age. Body weight was recorded from the age of 6 weeks, every 2 weeks for the
first 8 weeks, every 4 weeks until 110 weeks of age, and then every 8 weeks until the
end of the experiment. Animal health and behaviour were checked 3 times daily through-
out the experiment. Checking for pathological lesions, including mammary tumors, was
performed every 2 weeks for the first 8 weeks and every 4 weeks until the end of the
experiment.

From all dead animals, in addition to macroscopically observed pathological lesions
(with a margin of normal tissue), the following tissues and organs were taken: skin, sub-
cutaneous tissue, mammary gland (two pairs, axillaries and inguinal), brain, pituitary
gland, Zymbal gland, ear duct, salivary gland, Harderian gland, cranium (nasal and oral
cavities: 5 levels), tongue, thyroid and parathyroid glands, pharynx, larynx, thymus, tra-
chea, lung, heart, diaphragm, liver, spleen, pancreas, kidney, adrenal gland, esophagus,
stomach, intestine (4 levels), bladder, prostate, uterus, gonads, vagina, interscapular fat
pad, subcutaneous, medistinal and mesenteric lymphnodes. All specimens were fixed in
70% alcohol, except for bones and other tissues with osseous consistency which are
fixed in 10% formalin. All pathological tissues were trimmed in order to include a por-
tion of adjacent normal tissue. As far as normal tissues and organs are concerned, the
trimming was performed according to standard laboratory procedures. The trimmed
specimens were processed and embedded in paraffin blocks according to standard pro-
cedures. 3-6 pm sections were performed and routinely stained with haematoxylin eosin.
Histopatology evaluation were performed by the same group of pathologists.

Statistical analyses of the incidence of fibroadenomas and mammary cancers were
based on Logistic analysis and on the Cox proportional hazard model, respectively.

The biophase ended on June 30" 2005 with the death of the last animal at the age of
153 weeks.

First results on mammary carcinogenesis

This report gives results concerning carcinogenic effects to the mammary gland in
female Sprague-Dawley rats exposed to S-50Hz MF from fetal life until death as well as
to 10 rads y-radiation delivered in one shot at 6 weeks of age.

The experiment ran smoothly without unexpected setbacks. Concerning the mean
daily feed and water consumption and mean body weight, no relevant differences were
observed among the females of the various groups.

No substantial differences were observed in survival among the females of the vari-
ous groups (fig. 4).

During the biophase the development of mammary lumps was monitored by palpa-
tion, every 4 weeks until the spontaneous death of the animals. The cumulative preva-
lence of mammary lumps clinically observed at the age of insurgency is reported in
fig. 5. It is clear that the exposure to both MF and y-radiation increases the incidence of
mammary lumps and also accelerates the onset of such lesions when compared to ani-
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mals exposed to only 10 rads or only 1000 uT MF or not exposed (negative control
group). Not all lumps palpated are confirmed as being mammary gland lesions, and
small lesions may have been missed during clinical patrols.

At necropsy all grossly mammary tumors and the axillary and inguinal mammary
gland tissues of each animal were collected and histopathologically evaluated. The inci-
dences of fibroadenomas and carcinomas of the mammary gland are respectively report-
ed in Tables 6, 7 and the cumulative prevalence in figs. 6 and 7.

An increased incidence (albeit not significant) of animals bearing fibroadenomas was
observed in females exposed to 1000 uT plus 10 rads as compared to the other groups

Table 6 - Experiment BT 3CEM: experimental study on the long-term syncarcinogenetic effects of sinu-
soidal - 50Hz magnetic fields (S-50Hz MF) and y-radiation on male (M) and female (F) Sprague-Dawley
rats. Results: benign fibroadenomas histopathologically evaluated in females

Group Animals Treatment Mammary fibroadenomas
S-50Hz  y-radiation Bearing animals Total tumours
MF (uT)* (rad)’
Sex No. No. % No. Per 100
animals
I F 112 1000 10 51 45,5 77 68,8
I F 107 20 10 51 47,7 64 59.8
I F 270 1000 - 118 43,7 164 60,7
v F 105 0 10 43 41,0 55 52,4
Ve F 501 0 - 207 41,3 268 53,5
(control)

*The treatment 19 hr/day started at 12" day of fetal life, with the irradiation of breeders and lasted until
spontaneous death.

® y-radiations were administered one off at 6 weeks of age.

¢ Group in common with the experiment BT 1 CEM.

Table 7 - Experiment BT 3CEM: experimental study on the long-term syncarcinogenetic effects of sinu-
soidal - S0Hz magnetic fields (S-50Hz MF) and y-radiation on male (M) and female (F) Sprague-Dawley
rats. Results: mammary cancers in female

Group Animals Treatment Mammary cancers
S-50Hz  y-radiation Bearing animals Total cancers
MF (uT)* (rad)
Sex No. No. % No. Per 100
animals
I F 112 1000 10 18 16,1 19 17,0
I F 107 20 10 8 7,5 9 8,4
I F 270 1000 - 22 8,1 23 8,5
v F 105 0 10 8 7,6 8 7,6
Ve F 501 0 - 32 6,4 32 6,4
(control)

*The treatment 19 hr/day started at 12" day of fetal life, with the irradiation of breeders and lasted until
spontaneous death.

® y-radiations were administered one off at 6 weeks of age.

¢ Group in common with the experiment BT 1 CEM.

~Significant (p<0.001) using Cox regression model
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(Table 6). The cumulative prevalence (fig. 6) shows a slight anticipation of the onset of
fibroadenomas clinically observed and histopatologically evaluated among the females
exposed to 1000 uT and 10 rads, again as compared to the other groups.

Exposure to 1000 uT MF plus 10 rads caused a significant increase (p <0.001) in ade-
nocarcinomas compared to the negative control group. The additional 10 rads exposure
in females exposed lifelong to 1000 uT MF compared to females exposed only to 10
rads, caused a significant increase (p < 0.04) in the incidence of mammary adenocarci-
nomas. This is of some interest because in another life-span experiment performed by
us, we saw no effects after exposure to 10 rads y radiation'>'®. The cumulative prevalence
(fig. 7) shows that the onset of mammary adenocarcinomas among females exposed to
1000 uT MF and 10 rads was clearly earlier than in other groups.

Discussion

To our knowledge, the early results of this experimental study show for the first time
that a life-span exposure (starting from prenatal life) to power frequency (50 Hz) MF,
combined with exposure to a well-known carcinogenic agent, as is y radiation, induce a
significant increased risk of malignant tumors, namely mammary cancers, in female
Sprague-Dawley rats, the strain of rat used in our laboratory for decades and for which
data on mammary carcinogenesis are available on more than 18.000 historical controls.

The first data on the human risk of breast cancer related to exposure to power fre-
quency MF were reported by Matanoski et al."’in a study conducted among telephone
company male workers in the US.

After this early warning, other studies confirmed the association of increased risk of
breast cancers in women and men exposed to power frequency MF in the workplace or
in the general environment. However, other similar studies do not show the same effects
in both sexes.

Over the years, international agencies have reviewed the data on the relationship
between exposure to MF and risk of breast cancer in men and women, reaching the same
conclusion: the available evidence is inadequate for an evaluation of the risk*'®. Since the
IARC and NIEHS evaluations, several additional occupational studies, including a few
studies of residential exposure and electric bed-heating devices have been published in
literature, again without indicating any increased risk'.

Concurrently with epidemiological investigations, experimental studies on rodents
have been performed to evaluate the possible cancer risk to the mammary gland associ-
ated with 50-60 Hz MF exposure using specific mammary cancer models. The results of
the first study were reported by Beniashvili et al.* suggesting that 50 Hz MF enhanced
the development of mammary cancer induced by N-methyl-N-nitrosourea (NMU). Other
authors used the 7,12 —dimethylbenz(a)antracene (DMBA) rat mammary tumor model
to evaluate the potential effects 50-60 Hz MF exposure on breast cancer. Using this
model, it was shown that 50 Hz MF enhances the mammary tumor development in
response to DMBA?*. Other authors have failed in their attempt to replicate these find-
ing826-29.
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Conclusions

Our study may be considered representative of a situation of potential diffuse car-

cinogenic risk: exposure to a low dose of a well-known human carcinogenic risk (ioniz-
ing radiation) combined with exposure to a possible carcinogenic risk (power frequency
MF). These first results on mammary carcinogenesis is urging to continue exploring the
potential effects and mechanisms of power frequency MF in the carcinogenic process.
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The weak combined magnetic fields induce the
reduction of brain amyloid-p level in two animal models
of Alzheimer’s disease

Natalia V. Bobkova, Vadim V. Novikov, Natalia . Medvinskaya,
Irina Y. Aleksandrova, Inna V. Nesterova, Eugenii E. Fesenko
Institute of Cell Biophysics of Russian Academy of Sciences, Pushchino, 142290, Russia

Abstract

Subchronic effect of a weak combined magnetic field (MF), produced by super-
imposing a constant component, 42 pT, and an alternating MF of 0,08 nT which
was the sum of two signals of frequencies of 4.38 and 4.88Hz, was studied in
olfactory bulbectomized and transgenic B6C3-Tg(APPswe,PSEN1DeltaE9)
85DBO/J mice, which were used as animal models of sporadic and heritable
Alzheimer’s disease accordingly. Exposure to the MFs (4 hours for 10 days)
induced the decrease of AP level in bulbectomized mice and reduced the
number of AP plaques in the cortex and hippocampus of transgenic animals.
However, the memory improvement was revealed in transgenic mice only, but
not in the bulbectomized animals. We suggest that to prevent the Af accumu-
lation MFs could be used at early stage of neuronal degeneration in case of
Alzheimer’s disease and other diseases with amyloid protein deposition in other
tissues.

Key words: Alzheimer’s disease; amyloid-B; week combined magnetic fields;
memory; transgenic mice; bulbectomized mice

Introduction

Amyloid-B (AP) is a key pathogenic agent in Alzheimer’s disease (AD). The
abnormal amyloidogenesis, leading to AP protein deposition in the extracellular and
perivascular spaces of the brain, is one of the main causes of neuron death in AD. There-
fore, efforts of many researchers are focused on investigation of methods to prevent A3
deposition and to remove the senile plaques, formed by AP, from the brain. The effi-
ciency of this approach was demonstrated in transgenic animals carrying the inserted
human gene of A precursor protein. Cleaning of their brain from amyloid plaques using

Address: Natalia V. Bobkova, Ph.D., Institute of Cell Biophysics Russian Academy of Sciences, str.
Institutskaya 3, Pushchino Moscow region, 142290; Russia - Tel.: +7 4967 739100
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antibodies against beta-amyloid protein was accompanied by recovery of spatial
memory'. However, this method has a number of negative side effects in patients with
AD?. Therefore, the problem of removing of AP aggregates from the brain remains quite
important.

In previous research, we studied the mechanisms of the effect of weak combined
magnetic fields (MF) on properties of aqueous solutions of various biologically active
ions and also proteins and peptides**. We used a low-frequency variable component with
strength about 10 nT and a constant component with strength comparable to the geomag-
netic field. According to our proposed algorithm, the frequencies of the variable compo-
nent of the MF formally corresponded to the cyclotron frequencies of ionic forms of a
number of amino acids at a ratio between the induction of the constant and variable
components of 500-3000. Such MF combination has an extremely high biological
activity; in particular, it was shown that it can accelerate the decomposition of the A
into soluble peptide fragments with a decreased neurotoxic effect and with less capa-
bility to form the insoluble aggregates®’. In that work we used a weak combined variable
magnetic field of 0.05 uT with frequencies 3.58—4.88 Hz and constant magnetic field of
42 uT. The region of the AP molecule that was most sensitive to the weak magnetic field
was located between residues Asp7 and Ser8. In this region the hydro-lysis of AR under
the action of the MF took place.

In this work we used the weak combined MF with parameters closed to mention
above to studied the its effect in vivo in two animal models of AD: well characterized
mice transgenic for mutant APPswe and mutant presenilin 1 (PS1dE9) that cause early
onset familial Alzheimer’s disease (AD) and olfactory bulbectomized (OBE) mice,
which showed the behavioral, morphological, immunological, and biochemical signs
similar to sporadic AD. They have the pronounced impairment of spatial memory, an
increased AP level in the brain, pathology in the cholinergic system, and demonstrate a
loss of neurons in the brain structures responsible for memory*".

Methods

The experiments were carried out on 3-month-old male NMRI mice and 8-month-old
male transgenic B6C3-Tg(APPswe,PSEN1DeltaE9)85DBO/J mice (JacksonLab, USA)
with weigh of 25 + 0.6 g. Animals were allowed food and water ad libitum and housed
in groups of eight in standard laboratory cages under 12 :12 h light-dark conditions (light
from 8.00AM) at 21-23"C. Olfactory bulbectomy was performed under Nembutal anes-
thesia (40 mg/kg, ip) using a 0.5% Novocain solution for local anesthesia in scalping.
The olfactory bulbs were removed bilaterally by aspiration through a rounded needle
attached to a water pump. Single burr hole of 2 mm diameter was drilled over the olfac-
tory bulbs, using the stereotaxic coordinates: AP-2; LO; H 3.5. The extent of the lesion
was assessed both visually and histological at the end of the experimental study. The
control to OBE mice was sham-operated (SO) animals, subjected to the same procedures
except the olfactory bulb ablation. The AD mouse model used in this study
(APPswe/PS1dE9-Line 85) co-expresses a chimeric mouse/human APP695 harboring
the Swedish K670M/N671L mutations (Mo/HuAPPswe) and human PS1with the exon-
9 deletion mutation (PS1dE9). This model was generated by co-injection of MoPrP.Xho
expression plasmids for each gene; the two transgenes co-integrated and segregated as a
single locus. These transgenic mice were purchased from the Jackson Laboratories
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(stock # 004462; Bar Harbor, ME). C3H mice (phenotypically non—mutant mice) from
the colony were the controls.

The OBE and SO animals were exposed to the weak combined MF at five weeks after
bulbectomy. Transgenic mice and control C3H mice were exposed to the same MF at
age of 8 months. Two groups of mice were exposed by MF at one time (OBE+MF and
SO+MF, or Tg+MF and C3H+MF), which were placed in separated cages
(367x207x140 mm). The setup for generating the MF consisted of two pairs of coaxial
Helmbholtz coils oriented along the geomagnetic field (GMF) vector. The diameter of
each coil was 120 cm; the distance between the coils in the pairs was 70 cm.

The GMF partially compensated to 42+0.1 pT using one pair of Helmholtz coils
served as a DC. The alternating component collinear to the DC field was formed using
the second pair of Helmholtz coils. An alternating current signal produced by a program-
mable sinusoidal current generator was fed to other pair of coils to create a variable
component of MF with induction of amplitude of 80 nT. The current signal was the sum
of two frequencies of 4.38 and 4.88 Hz, which correspond to the cyclotron frequencies
of lysine and aspartic acid, respectively, as calculated by the standard expression

ve =qB/2n m,

where q and m are the charge and mass of an amino acid ion.

The MFs were measured with a Mag-03 MS 100 three-axial MF sensor (Bartington
Instruments Ltd, United Kingdom). The animals were exposed to MF in 4-h daily
sessions for 10 days. The experiments were carried out in the presence of the natural and
technogenic magnetic backgrounds with an induction of 50-Hz component of 2040 nT
in the daytime between 10 and 18 h at room temperature (18-22°C) under conditions of
natural illumination. The SO, OBE, transgenic (Tg), and C3H animals without exposure
to the weak combined MF were groups of active controls. They were under activity of
natural geomagnetic field with an induction of 40-42 pT and at the same magnetic noise
level as for the test groups. After exposure to the MF, the mice were trained in a Morris
water maze for 5 days (four trials per day) for the olfactory bulbectomy experiment and
for 18 days in the transgenic-mouse experiment. Experiments were performed in a test
room with extra-maze cues to facilitate spatial learning. A circular swimming tank (80 cm
diameter and 40 cm wall height with an escape platform of 5 cm-diameter) was filled to
depth of 30 cm with water at 23°C and rendered opaque by adding powdered milk. The
tank was mentally divided into four sectors: the escape platform was located in the middle
of the third quadrant during training. It was submerged to a depth of 0.5 cm so as to be
invisible to a swimming animal during the whole period of training. Latency to reach the
invisible platform was then determined. If the animals failed to locate the platform within
test period for 60 s, they were placed on the platform for 10 s. Spatial memory was tested
on the following day after completion of training with the hidden platform removed.
During the test period (60 s), occupancy time spent in each sector was recorded. After
termination of behavioral experiments, cerebral perfusion was carried out with cooled
physiological solution under ethyl ether narcosis.

All animal experiments were performed in accordance with the guidance of the
National Institutes of Health for Care and Use of Laboratory Animals, NIH Publications
No. 8023, revised 1978.

Brains of OBE and SO mice were removed, frozen on dry ice and stored at —80°C for
biochemical studies. The brains of Tg animals and C3H mice were immersion-fixed in
4% paraformaldehyde in phosphate-buffered saline (PBS pH 7.4). Then, the fixed
tissues were kept in sucrose solution in phosphate-buffered saline (PBS, pH 7.4; -20°C).
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The AP level was determined in extracts of the cortex and hippocampus of OBE and
SO mice using a modified DOT analysis described earlier''. In this method, a nitrocellu-
lose membrane was pretreated for 1min with 40% ovalbumin in phosphate buffer and
then for 10 min with 2.5% glutaraldehyde, samples were applied to the membrane, and
the membrane was kept for 1 h in 4% ovalbumin in phosphate buffer with 0.1% NaN3.

Estimation of amyloid plaque loads was performed by counting amyloid plaques,
staining with thioflavine S, in 10 fields of view (magnification x20) in the each sixth
brain sections (a slice thick 10 pm) of the next brain areas: in the CA1 and CA3 fields
of the hippocampus and temporal cortex of Tg mice. Images were captured by digital
photography. The amyloid deposits contained within fields of view were counted sepa-
rately by their sizes (magnification x40): big plaques with maximal diameter > 30 pm,
medium plaques 18 pm < maximal diameter < 30 um, and small ones with maximal
diameter < 18 um. The number of plaques of each size in a sample were summed and
then averaged for each group of animals. Statistical analyses (2-tailed t-test) were
performed using the average number of deposits with different sizes in the fields of the
hippocampus and cortex for group of mice exposed to the weak combined MF and
without exposition.

Statistical analysis

Differences in memory parameters were evaluated by a one-way ANOVA (statistical
package “Statistica 6.0”). The statistical significance of preference for the target sector
as compared with other indifferent sectors was evaluated using a post-hoc analysis with
the LSD criterion. The water-maze acquisition latencies, level of cerebral A in OBE
mice and the difference of AP plaque density in Tg animals were evaluated using the
two-tailed Student’s test. All data were expressed as mean + sem.

Results and discussion

The data in Table 1 show that the latencies to reach the escape platform were
increased significantly in OBE and OBE+MF groups in comparison to SO mice as well
as in Tg animals in comparison to Tg+MF mice in last days of training as rule. The
average latency in the SO animals was significantly lower than in the OBE mice. It indi-
cates the decreased ability to study spatial skills in the OBE animals. The exposure to
the MF decreased the average latency only in SO mice, but did not differ it in OBE,
C3H, and Tg animals (Table 1 groups OBE+MF; C3H+MF, Tg+MF). We suggest that
the MF does not affect the learning rate in OBE, C3H, and Tg mice and that the SO
animals have an increased sensitivity to the MF. It is necessary to indicate, that C3H
mice needed in more training sessions than SO animals to study the spatial skills. It is
important to make remark, that beginning from 13" day of training Tg+MF mice had
lower latency to find the escape platform than control Tg mice.

The results of the factor analysis, presented in Table 2, demonstrate that factors of the
sector preference became statistically significant for Tg, but not for OBE groups after
MFs exposure.

The SO animals exposed to the same MF demonstrated a significant increase in the
factor of sector preference. It was due to the recognition of the sector, where escape plat-
form is located during training, as the results of the Post hoc analysis revealed (fig. 1A).
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Table 1 - Effect of the weak combined MF on latency (s) to find the escape platform in BE, SO, Tg, and
C3H mice during days of training

Days of the Training

Groups of 1 2 3 4 5 Average of
animals Latency, s
Training
OBE 46.8+4.1 29.9+6.0 16.7+4.4  17.1%%+£2.5 17.0%+£5.3  25.5%*+2.3
OBE+MF  36.3+5.2 30.845.0  19.1*%*+4.1  22.5%*+4.] 12.0+£3.2 24.1%+2.2
SO 37.4+7.1 19.445.5 11.742.2 7.5+2.1 7.3£1.9 16.7+2.3
SO+MF 41.4+6.4 11.8+4.0 11.343.0 7.8+1.5 9.2+1.8 12.3*+1.8
1-3 4-6 7-9 10-12 13-15 16-18  Average of
Latency, s
Tg 48.0*+£2.5 35.8+£5.0 253£1.9 26.6£1.9 254425 284429 28.3+1.9
Tg+MF 4534£2.5  37.0£2.7 27.242.7 24425 21.3#+1.3 21#4£2.5  26.1£2.9
C3H 40.3£3.1  35.0£3.0 26.5+2.7 21.2423  18.6£2.5 157429 23.443.4

C3H+MF  44.2+2.9 447495 27.0£2.5 25.0+2.2 222427 21.3+£27 28.0+4.3

*-p<0.05; ** -p<0.01 relatively to control (SO or C3H) groups; MFs exposure
#-p<0.05 relatively to Tg group

Table 2 - The means of Factor of the recognizing of the Morris water maze sectors by time spent there
in BE, SO, Tg, and C3H mice exposed to the weak MF

Groups of animals Mean of the Factor

F P
SO F(3,12)=3.73 0.042*
SO+MF F(3,12)=30.18 0.000%%*%*
OBE F(3,12)=2.18 0.140
OBE+ MF F(3,16)=0.64 0.600
C3H F(3,12)=4.12 0.034*
C3H+MF F(3,12)=3.98 0.039%*
Tg F(3,12)=2.07 0.210
Tg+MF F(3,12)=3.11 0.049%*

* = p<0.05 and *** p<0.001

Thus, the behavioral study revealed that the OBE mice did not remember the sector,
in which the saving platform was located during training. It supports our previous data
on the impairment of the spatial memory in OBE animals'"'*. The subchronic exposure
to the weak MFs did not affect spatial memory of these animals. However, the MFs
improved the memory not only in SO mice, but in Tg animals too. We detected influ-
ence of the MFs on the brain Af. Table 3 presents the absolute values of Af level in the
extracts of the neocortex and the hippocampus in OBE and SO after exposure of MFs.
The sensitive DOT analysis revealed that the AP level in the extracts of the OBE animals
was more than five times higher (p < 0.001) in comparison to SO mice. The exposure to
the weak combined MFs induced the reliably decrease the AP level almost threefold
(p <0.01), but it was higher than in SO mice (p < 0.05).

Similar effect of MFs on AP deposits was revealed in Tg mice. Fig. 2 demonstrates
that Tg+MF group showed the decreased density of plaques with small and middle sizes
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Fig. 1. Effect exposure of the weak MFs on the spatial memory of OBE and SO mice (A), as well as Tg,
and C3H animals (B). The ordinate is the time spent in each sector of a Morris water maze. The hatched
bin represents the time in sector in which escape platform was located during training: the empty bins
denote time in indifferent sectors of the water maze. The significance of differences is indicated between
sector in which escape platform was located during training and other sectors
*p <0.05, ¥*p <0.01 and ***p < 0.001. The other notations are as in Table 1

Table 3 - The level of the brain Ap in OBE and SO mice exposed to the weak MFs.

Groups of animals The level of the brain beta-amyloid, ng/g
SO 5.03 £0.36

SO+MF 5.21+0.37

OBE 34.12 £ 4.17%%*
OBE+MF 1091 £2.17*#

The significance of differences from the group of SO mice: *p <0.05 and ***p <0.001. The significance
of differences from the group of OBE mice: ##p < 0.01.
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in the cortex and with large and middle size in the CA3, field of the hippocampus. In
CALl field the tendency of the increase of small plaques was observed follow the
decrease of density of plaques with middle sizes.
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Fig. 2. Density of the amyloid plaques in the temporal cortex (A), in CA1 (B), and in CA3 (C) fields of
the hippocampus in transgenic mice — model of family AD after subchronic exposure of weak combined
MFs. 1- density of plaques with size >30 uk; 2- density of plaques with 18 uk < size < 30 uk; 3- densi-
ty of plaques with size < 18 uk. The empty bins denote density of plaques in Tg+MF mice. The hatched
bins represents the density of plaques in control group of Tg mice without exposure to MFs. The signif-
icance of differences is indicated between density of plaques with similar size in Tg+MF and Tg groups
of mice in different brain structures.*p < 0.05
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Thus, we revealed the reduction of the AP level in the brain of OBE mice and
decrease the number of large and middle amyloid plaques after exposure to the weak
combined MFs. We revealed the improving of the spatial memory in the group of trans-
genic mice, but we failed to detect the improving of such kind memory in OBE animals.
The different effects of the weak MFs on spatial memory in animals of these two models
of AD may be explained by different causes. Positive influence of MFs in Tg mice is in
accordance to the main amyloid hypothesis of AD genesis, that it is enough to destroy
of beta-amyloid plaques to improve the state of the brain and memory. It seems, that in
case of transgenic mice the reduction of the AB-plaques is really sufficient to improve
their memory, because it is shown, that Ap-deposits impair the memory in transgenic
animals due to impairment of impulse transmission in axons and dendrites. It is inter-
esting, that high frequency electromagnetic field reverses cognitive impairment in AD
transgenic mice and decreases brain AR aggregation too'. The precise mechanisms of
MF benefit will require more extensive research in future. It is important to note, that
neurons survive in majority of transgenic models of AD including model used in our
experiments too'”. However, in OBE animals, as our investigation showed earlier, there
are the death of neurons especially in the brain areas which are responsible for learning
and memory in such as the temporal cortex, the hippocampus, nuclei synthesizing the
main neurotransmitters' >, Here it is necessary to point out again why we decided to
use the OBE mice in our study. The problem regarding an adequate use of an animal
model is a principal one in any research, because it allows of drawing a correct conclu-
sion from the results. Olfactory bulbectomy in animals elicits various behavioural abnor-
malities, such as increased exploratory behaviour', impaired learning and memory*"
and depressive behaviour'**. Distinctive features of OBE animals include loss of
neurons in the cortex and hippocampus as well as cholinergic system dysfunction in
basal forebrain®*'®". They show the membrane pathology, free radical generation and
apoptosis?'*, as well as impairment of brain asymmetry*. OBE mice were shown to have
impaired hippocampal long-term potentiation®. As was mentioned in the Introduction,
OBE mice have an increased level of the brain amyloid precursor protein® and AB'.
Therefore, OBE mice have some features similar to AD, including memory impairment,
depressive state, cholinergic system dysfunction, loss of neurons and an increased AP
level in the brain, and olfactory deficit”’*. It is important that alterations in neurotrans-
mitter and receptor functions, mediating abnormal behavioral effects of olfactory
bulbectomy, are also similar to those in AD patients. Deficit in serotonergic function was
associated with depressive behaviour in OBE rats"®®. The serotonergic system was
profoundly affected in AD: a very low or undetectable serotonin concentration was
observed in most cortical and subcortical areas in senile sporadic as well as in presenile
familial-type AD*. Moreover, olfactory bulbectomy-induced and AD-related memory
deficits were suggested to share common cellular mechanisms including dysfunction of
the cholinergic system and NMDA receptors®. Therefore, we consider that OBE mice
were suitable as model of sporadic AD to investigate the MF effect on memory and level
of AP in the brain.

Therefore, we suggest that exposure to MFs is a useful procedure to decrease the
level of brain AP in family as well as in sporadic AD. However we think, that its would
be applied prior to the loss of neurons in the brain, i.c. on earlier stage of the AD devel-
opment. In this case the weak combined MFs can be an efficient way to prevent the AD.
The decrease of AP in the brain of Tg and OBE mice may be consequence of AP
decomposition under exposure of the weak combined MF’. Less AP depositions may
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decrease the brain AP aggregation due to blocking the apoplipoprotein E/Ap interac-
tion’'. Note that there are different points of view on the effect of MF on the neurode-
generative processes. Some researchers consider the exposure to MF as a potential risk
factor for neurodegenerative diseases**, whereas others deny it*. Furthermore, there is
evidence of a beneficial effect of MF on the cognitive processes and the visual memory
in patients with AD, Parkinson’s disease, and multiple sclerosis’**. However some
researchers suspect that such very low strength MFs can have much of a biological
influence. The MF using opens new possibilities of treating this severe disease.
Another way to increase the MF efficiency is the variation of its parameters. MFs have
a broad effect on biological systems. The middle of the eighties was marked with the
discovery by Blackman and Liboff** of a surprising phenomenon: a low frequency
alternating (AC) MF (1-120 Hz) changed free calcium concentration in nervous tissue
only in the presence of a simultaneously acting static (DC) MF. The most prominent
effect was observed at the AC field frequency close to the cyclotron frequency of a
calcium ion. There were three unexpected qualities in this phenomenon: 1) the neces-
sity of simultaneous action of DC and AC MFs, 2) the resonance effect on cyclotron
frequency, and 3) very small values of acting MFs, measured with tens of uT, and
extremely low frequencies of AC MFs, measured with several tens of Hz. Therefore,
these results evoked a suspicion in the scientific community, but afterwards, many
confirmations for these data were obtained in works performed on different objects and
in different experimental situations** which captured the interest of the scientific
community about the existence of the above effects. In the middle of the nineties a
series of experiments were made, on aqueous solutions of amino acids. At the cyclotron
frequencies measured by several Hz, which corresponded to the investigated amino
acid ions, and at superweak alteration MFs measured by tens of nT, the short-term
increase in the current caused by application of the voltage to the investigated solution
was revealed. These results were published in Russian journal “Biophysics™. After-
wards the experiment and results described in the above article were successfully repli-
cated in Italy**?> and in Germany®. These works confirmed the existence of such
effects. Now new effects of the weak combined MF have received. It was shown that
MF inhibits malignant tumor growth in experimental animals*. The parameters of this
MF have been found (frequency 1, 4.4, 16.5 Hz or the sum of these frequencies; inten-
sity 300, 100, 150-300 nT, respectively) at which this MF in combination with a
collinear static MF of 42 puT has this effect. Very likely it was due to stimulation of
tumor necrosis factor production®. Such kind MFs influences on the formation of reac-
tive oxygen species® and hydrogen peroxide production®, changes the microenviron-
ment of protein macromolecules in aqueous solutions®, accelerates the spontaneous
hydrolysis of proteins and peptides to form peptide fragments*®, influences on the
fission and regeneration of the planarian®. Italian researchers have showed, that
extremely low-frequency electromagnetic fields (ELF-EMFs), tuned at Ca* ion
cyclotron energy resonance may drive cardiac-specific differentiation in adult cardiac
progenitor cells without any pharmacological or genetic manipulation of the cells that
may be used for therapeutic purposes®”. A lot of researchers suggest that the nervous
system is very sensitive to weak MFs*. There is evidence that MF selectively activates
the limbic structures of the brain, which suffer in patients with AD. Therefore our
results, attained in AD transgenic and OBE mice, suggest that weak combined MF with
low frequency could be used as method for cleaning of the brain from A in patients
with AD. The decrease of plaques with insoluble AP would increase brain soluble AB
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levels, and result in greater clearance of that soluble AP from the brain. Moreover, we
suggest that such MF can be applied for preventive purposes not only in humans with
high risk of AD, but in case of other diseases involving amyloid protein deposition in
other tissues.
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Delayed maturation of Xenopus laevis (Daudin) tadpoles
exposed to a weak ELF-MF: sensitivity to small
variations of magnetic flux density

Maurizio Severini, Luigi Bosco
Department of Ecology and Economical Sustainable Development, DECOS, Tuscia University,
Viterbo, Italy

Abstract

In a previous experiment, we showed that exposure to a relatively weak ELF
magnetic field slows down developmental rate of Xenopus laevis (X. laevis) tad-
poles with respect to non-exposed controls. Here, the data of the same experi-
ment are re-processed to evaluate the sensitivity of tadpole developmental rate
to small variations of (weak) ELF magnetic flux densities.

Taking advantage of a slight anisotropy of field strength along the axis of a large
solenoid, two cohorts of X. laevis tadpoles were reared under a 50 Hz magnetic
field of two slightly different flux densities. The small (but highly significant;
P <0.001) difference of exposure caused a significant difference of 2.5 days (p <
0.05) in tadpole’s maturation rate. Results suggest the existence of a field thresh-
old around 70 pT in controlling the animal’s developmental rate. However, con-
sidering results of similar researches, we suggest to perform further experimen-
tal researches on other laboratory animal models and to individuate the key
developmental passages affected by ELF MF before proceeding to some gener-
alization of disturbs of these fields in vivo.

Key words: ELF-MF; developmental rate; Xenopus laevis tadpoles

Introduction

After alarm that exposure to extremely low frequency (ELF) magnetic fields (MF) in
proximity of high voltage power lines increases risk of childhood leukemia', epidemiol-
ogy failed to give a convincing scientific justification of it*. Our opinion is that, until lab-
oratory experiments on cell or animal models will not give a clear indication of a well
defined mechanism of action of electromagnetic fields (EMF) on living systems, statis-
tical approaches in bio-magnetism will not have an effect to test with success at popula-
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tion level, and their outcomes will remain questionable. We draw this conclusion after
reading the comprehensive study ‘Review of the epidemiologic literature on EMF and
health’ by Ahlbom ef a/.*. Then in this work, we are going to refer mainly to laboratory
studies of cell or animal exposures. By our knowledge, experimental research on bio-
logical effects of ELF-MF exposures initiated with ‘Sanguine’ project’. Afterwards, a
long series of experiments highlighted numerous (and sometimes contrasting) mecha-
nisms of action of EMF on living systems and possible window (or threshold) effects of
weak ELF-MF, but they did not give reliable dose-effect or frequency-effect relation-
ships between exposures and their biological consequences.

The hypothesis of a window effect of weak ELF-MF was first suggested by
Kaczmarek and Adey’. They observed a flux of radioactive calcium in chick brain cells
caused by exposure to a weak low frequency electric field, and showed that the flux
depended on the field frequency with a maximum at 16 Hz. Later on, Blackman et al.®
repeated the exposures of chicken brains to 16 Hz with variable weak field amplitudes
and noted sharp increases of calcium flux around 6 V/m and 40 V/m that were inter-
preted as biological threshold effects of field amplitudes. Independent replicas of the
Adey-Blackman experiment by Delgado ef al.” and Ubeda ef al.® confirmed the existence
of threshold (or window) effects of ELF MF on biological tissues but disagreed on fre-
quency and amplitude values. Later on, Blackman et al.’ explained the disagreement by
highlighting the role of two different magnetic fields: a) the local static geomagnetic
field and b) the weak magnetic field associated with the electromagnetic one.
Afterwards, magnetic fields were of main interest in studies of biological effects of weak
low frequency electromagnetic fields. Along this way, Liboff" interpreted the
Blackman’s explanations by applying the physical theory of cyclotronic resonance to
ions of calcium in organic matter, and performed experiments to support his interpreta-
tion'" 2. Later, Zhadin et al.” supported Liboff’s ideas by claiming to have observed
effects of cyclotronic resonance in an electrolytic solution. The Liboff-Zhadin point of
view attracted (and still attracts) many criticisms, the most serious among them being
that thermal agitation would overrule the effects of cyclotronic resonance'. In the same
time, other researchers attempted to follow other ways for explaining biological effects
of ELF MF exposures. Reiter”” considered the melatonin hormone as a possible media-
tor of low frequency magnetic fields in animals and humans. Cridland et al." focused on
a possible action of ELF MF exposures on cell cycle progression, Harris et al.”, and
Takashima et al."® exhibited evidences that the action consists of a depression of the cell
cycle check points. Recently, Blank' claimed that weak magnetic fields can alter intra-
molecular charges and influence action of growth factors.

Most of the above cited studies refer to experiments on a micro-scale in vitro. As it is
well known, each primary interaction between biological matter and radiation on a
molecular scale must pass through a chain of events before emerging on a macro-scale
(that of organisms) in vivo, Valberg et al.. Very often, a lesion at a small scale does not
cause any observable consequence at organism’s level thanks to the intervention of
immune responses or biological repairing mechanisms. Epidemiology investigates large
scale phenomena based on statistical analysis. Statistics can pick out an effect, its sig-
nificance level and even suggest some causes of it on a population level; however, only
laboratory experiments on animal models will give the ultimate cause-effect evidence
and dose-response relationships of organisms exposure to EMF. Unfortunately, animal
studies are costly, time consuming and, in addition, ethical and legal constraints limit
their implementation®.
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The present report deals with laboratory experiments on an animal model. Most of
past research with laboratory animals under ELF MF was concerned to carcinogenic
processes and conducted mainly on rats and mice. Here, we are considering a different
problem: the influence of ELF MF on animal ontogenetic development. In the past, most
of laboratory experiments of our interest studied effects of exposures on reproductive
performances: fetal viability, number of litters, litter size, sex ratio, etc. of rodents® >,
In the course of these studies, some researchers noted skeletal malformations in fetus of
exposed females* > and (interesting for the present work) Zusman et al.*” observed a
delayed embryonic maturation in rats.

Other researchers experimented effects of ELF MF on avian eggs. Overall, these
investigations revealed an augment of field-dependent malformations in exposed chick-
en embryos. In year 1982, Delgado et al.” published results of a laboratory research in
which exposure of chicken eggs to a weak ELF MF increased the number of malforma-
tions in chicks. Successively, Delgado’s research group and other independent groups
replicated the experiment with significant confirmations® ** *%3'-3; though, some other
experiments did not confirm Delgado’s findings*****. Contrasting results were obtained
also among a series of coordinated experiments (Henhouse Project) performed in six lab-
oratories in different countries to check Delgado’s results®. Lastly, a well conducted
series of five replicable (and replicated) experiments coordinated by Farrel et al.”” con-
cluded the controversy in favour of Delgado. In these experiments, 2500 chicken
embryos were exposed to an oscillating magnetic field of 1 pT and exhibited a signifi-
cant increase of abnormalities.

During the prolonged dispute on malformations of chicken embryos, some
researchers highlighted a ‘secondary effect’ of weak ELF MF exposures: an alteration of
ontogenetic developmental rate. Ubeda ef a/.® noted in his experiments that two magnet-
ic fields of the same frequency (100 Hz) and different flux densities (1 pT and 13.9 puT)
brought about different chicken eggs developmental rates. Specifically, the strongest
field caused the slower development. In another series of experiments, it was also report-
ed that exposure to 50 Hz and 10 mT magnetic field can modify the effects of egg expo-
sures to genotoxic agents™ *. Specifically, when ELF MF was administrated before the
genotoxic agents the number of malformed eggs diminished, while the opposite result
was obtained when they were administrated after these agents. These researches antici-
pated those already cited of Harris ef al."” and Takashima et al.'®. We cannot close this
short survey of EMF-chicken experiments without citing an article by Youbicier-Simo
et al.*® that suggested our first experiment of bio-electromagnetism. In this article, the
authors described a research in which chicken embryos were exposed to the electro-
magnetic field emitted from a television cathode ray tube (CRT) and suffered significant
malformations.

Relatively few researches were published on the developmental consequences of ELF
MF exposures of non-mammalian or non-avian animal models and about all (of them)
dealt with embryonic development. Experiments with zebrafish embryos* and
Drosophila**# did not show teratogenic effects of the exposures and with medaka fish
(Oryzias latipes)* and sea urchin eggs® revealed developmental delays without abnor-
malities.

Few works can be found in scientific literature referring to X. laevis (Daudin) as
animal model for experiments of exposures to electric, magnetic or electromagnetic
fields**, yet this amphibian has become a very common laboratory animal in the last
decades. After publication of the Nicuwkoop and Faber®' ‘Normal Tables of Xenopus
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laevis’ in which animal rearing and manipulation in laboratory were described with
great detail, the amphibian was the model for a steadily increasing number of laborato-
ry experiments in embryology, histology, and cellular biology. At our knowledge, the
first experiment performed in vivo with X. laevis as target of ELF MF was that of the
first author of this report®. Although results obtained using amphibians are not useful
for predicting the effects of EMF exposures on human beings, they can be very useful
to discover biological mechanisms of action of these fields. As a matter of fact, a rela-
tively large number of tadpoles (larvae of amphibians) can be reared easily in limited
volumes to support reliable statistics and inspected without significant stress of manip-
ulation.

Following the article by Youbicier-Simo et al.*’, Severini et al.** exposed an aquari-
um holding 110 X. laevis tadpoles to an on TV screen. The exposure to the EMF emit-
ted from the TV set lasted about two months during which tadpoles developed from an
early larval stage (stage 39 according to the Nieuwkoop and Faber classification) to
metamorphosis beginning (stage 58). Results of three replicated experiments showed: a)
a significant delayed metamorphosis of about 5 days (p < 0.001) of exposed tadpoles
with respect to their controls and b) absence of teratological effects and significant mor-
tality in exposed animals.

These results were in agreement with those of Cameron ef a/.* and Zimmerman e¢
al.® and were confirmed later by Grimaldi ef al.. On account that the impulsive saw-
tooth shape of EMF emitted from the cathode ray tube consists of a large number of har-
monic components, it was not possible to ascertain which frequency-amplitude combi-
nation (or combinations) of the field caused the observed developmental delay. This was
the main reason why we performed new experiments by repeating the above experiment
in a large solenoid where magnetic field amplitude and frequency could be set inde-
pendently. In a group of experiments, magnetic field in the solenoid was set at 50 Hz and
70 uT (rms average value) and it caused a significant maturation delay of 2.4 days (p <
0.001) with respect to their controls®. In the present report, the experimental data of the
former experiment are considered from a different point of view and re-processed to
investigate the sensitivity of X. laevis tadpoles developmental rate to small differences
of magnetic flux density.

Materials and methods
a) Animal model

The Anuran species Xenopus laevis (Daudin) of laevis subspecies used in the present
research is familiar to a large number of geneticists, embryologists, and biological engi-
neers that have adopted it as biological model. Its management in laboratory conditions
is the argument of numerous specialized manuals®"**.

Here, we refer to the ‘Normal Tables of X. laevis’ by Nieuwkoop and Faber.
According to the ‘Tables’, the following animal’s characteristics were applied in the
present work: females are induced to mate and spawn by injections of gonadotrophic
hormones; optimum of temperature for normal tadpoles development is between 20°C
and 25°C; in aquariums, cohorts of tadpoles must be reared at a density not less than 0.5
litres per tadpole for avoiding competition among the animals; boiled nettle is a recom-
mended diet for tadpoles; 57 sub-stages can be recognized before maturation, and sub-
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stage 58 marks the metamorphosis beginning; tadpoles development is regular in dark-
ness or in soft light.

b) Experimental features

A sexually mature pair of X. laevis laevis adults (bought from NASCO Biologicals and
Educational Kits Production Facility, Fort Atkinson, Wisconsin, USA) were selected and
induced to mate and spawn through injections of gonadotrophic hormones (Gonasi,
Institute Biochimique Société Anonyme, Lugano) in the lymphatic dorsal sac. About 12
hours after the treatment, the spawn took place in two trays filled with water at 24.0+0.3
°C. The spawn day was also considered as the first day of life of the newly fertilized eggs,
it was labelled as day j = 1 and considered as first day of the experiment. After the spawn,
one tray was placed into the running solenoid (see below) and the other one, as control,
far from it. Two days after the birth (j = 3), the animals reached the sub-stage k£ = 39 which
was already a larval sub-stage (according to the ‘Tables’) and became enough robust to
be observed under a stereoscopic microscope (with a very soft illumination). This enabled
us to form four synchronized cohorts of 35 tadpoles in sub-stage 39. Two cohorts were
formed by tadpoles picked up from the exposed tray, transferred into two aquariums (E1,
E2) and placed again in the running solenoid. The other two cohorts were formed by tad-
poles from the control tray, transferred into two aquariums (C1, C2), placed far from the
solenoid and considered as controls (fig. 1a). Every effort was paid to guarantee compa-
rable conditions to the four cohorts according to the ‘Tables’ (including: constant water
temperature at 24.0+0.3 °C, heavy shading, equal alimentation, and absence of mechani-
cal vibrations in the exposed aquariums. The unique difference between aquariums (E1,
E2) and (C1, C2) was the exposure to the magnetic field.

Instead, there was a small difference of exposure between aquariums El and E2
because of a small anisotropy of magnetic field along the solenoid axis with respect to
solenoid centre (fig. 1b). This feature depended on the perturbation of solenoid border
effect caused by a small difference of current at its extremes. Frequency and magnetic

1.60 80
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- H ) 1
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|aquar'u?m E1 H aquarium E2
6
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(b)

Fig. 1. (a) Synthetic representation of experimental apparatus. 1.60 m long and 0.40 m diameter solenoid
and a wooden board in it. The board supported two aquariums E1 and E2 and was supported on a table.
A indicates solenoid centre, A, and A, indicate aquarium’s E1 and E2 walls, Z, and Z, the aquarium’s
centers, and C1 and C2 two control aquariums. (b) Mean values and standard deviations (error bars) of
magnetic flux density along solenoid axis B(A,), B(A), and B(A,) measured at the points A,, A, and A,
and of magnetic flux density B(Z,) and B(Z,) calculated at points Z, and Z,, respectively
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flux density inside the solenoid and in control aquariums were checked weekly by an
EFA-3 (Wandel & Goltermann Inc. USA; now EFA 300, NARDA Safety Test Solution,
NY 11788 USA) measuring device.

On day j = 5, with tadpoles at mean sub-stage k£ = 45, cohorts feeding was initiated
and on day j = 7, with tadpoles at mean sub-stage k& = 48, inspections of tadpoles by a
stereoscopic microscope commenced. This sub-stage is characterized by the first appear-
ance of hind limb buds on tadpole’s body. From this stage on, the buds will grow and
change their shape until the formation of fully developed limbs at sub-stage k& = 58.
Starting from day j = 11, the inspection of all the tadpoles in the four cohorts was per-
formed daily until the last tadpole got to sub-stage 58. After their first arrival to sub-
stage 58, tadpoles were no more inspected and attributed to this sub-stage even if they
passed to successive sub-stages.

The described experiment was replicated three times with cohorts of tadpoles
obtained from three different pairs of adults.

c) Data organization

Let us label the three replicated experiments (or ‘litters’) with the letter i (i = 1, 2, 3),
the tadpole stages with k (k = 48, 49, ..., 58), the cohorts in each experiment (or ‘treat-
ment’) with 2 =1, 2, 3, 4, respectively cohorts (in) E1, E2, C1, C2, and the time (days)
of the experiment so as the tadpole’s age with j (j = 1, 2, 3, ..., J;) where J, is the last day
of the i-th experiment. In the course of the three experiments, we took the number

Nm(."-k}

of tadpoles of the %-th cohort that, in the i-th experiment, were attributed to the k-th
stage in the j-#h day and the daily maturation frequencies (or fluxes) of tadpoles in the
sub-stage 58, F()).

The weighted mean of daily frequencies of cohort tadpoles in all possible sub-stages
gives the daily mean stages of the cohort itself. Then, algorithm

34

2 kN, (j.k)
k=8

Ky =g—

ZHN,,, (k)

gives the mean stage of tadpoles in the /-th aquarium of i-th experiment as a function
of time j. To compare the developmental rate of cohorts grown under the weaker field
(in aquarium E1) to that of cohorts grown under the stronger one (in aquarium E2) -
which is the task of the present work - it is sufficient to put respectively #=1and 7 =2
and to calculate the means

1

1 - 1
K(j)=—- K. .(f . K, (j)y=—- K. (i
) =3 }‘( o) (D=3 2 2 ()
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Results

The data of magnetic flux density B(A,), B(A), and B(A,) reported in fig. 2 result
from averages of the weekly measurements made in the solenoid’s centre (A) and near
the walls Al and A2 of the two aquariums E1 and E2 during the three experiments.
Instead, the two values of magnetic flux density in the centres of exposed aquariums
B(Z,) and B(Z,) are calculated means. According to Student’s ¢ statistics, B(Z,) and
B(Z,) are significantly different (p < 0.001). Fig. 2 shows that the ranges of magnetic
induction in E1 and E2 were in part overlapped, however, on account that tadpoles were
in continuous movement, it is straightforward to assume that cohorts reared in aquari-
ums E1 developed under a magnetic field in the range 63.9 uT <B <76.4 uT and cohorts
in aquariums E2 in the range 68.4 uT < B < 76.4 uT and to hypothesise that the cohorts
in E1 experienced a magnetic field slightly weaker than those in E2.

In order to verify this hypothesis (and to have a comparison with the controls), the
mean maturation times of tadpoles in the four aquariums E1, E2, C1, C2 are processed
by the two factors analysis of variance (ANOVA) applied to the observed maturation
frequencies F(j). Table 1 summarizes the data for the analysis; with the two factors
being: litter (i) and treatment (%). It suggests that mean maturation times and their stan-
dard deviations were very different in the three litters (i = 1, 2, 3), different in exposed
and control cohorts (2 =1, 2 vs h = 3, 4), slightly different in the exposed cohorts (4 =
1, 2), quite equal in the control cohorts (& = 3, 4).

Table 2 presents the main results of the two factors ANOVA applied to the data of
Table 1. It shows that, even if there was a significant influence of the different litters on
their mean maturation times, there was also an highly significant effect of the exposures
on them.

The above ANOVA doesn’t specify if one or more treatments influenced the mean
maturation times, nor which treatment(s) caused them. To solve this problem, the statis-
tical procedure of the so called Bonferroni correction can be applied, whose results are
reported in Table 3. It compares the differences of the mean maturation times (mean
delays) corresponding to all couples of treatments and evaluates their degree of confi-

Table 1 - Summary of the observed maturation frequencies as mean maturation times in four cohorts
(treatment 4 = 1,2,3,4) by three experiments (litter i = 1, 2, 3) ready for the two ways analysis of vari-
ance (ANOVA)

Litter Treatment Mean maturation Standard deviation Matured
i h time (days) (days) tadpoles
1 1 355 6.5 35

2 352 7.5 35

3 32.8 4.6 34

4 323 3.9 35
2 1 31.3 32 35

2 332 5.1 35

3 31.5 2.8 35

4 30.2 2.9 35
3 1 35.7 7.0 35

2 42.0 10.5 32

3 359 8.2 35

4 353 7.2 35
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Table 2 - Two factors analysis of variance (ANOVA) of the observed maturation frequencies F;(j) to
check the significance of mean tadpole’s maturation times differences caused from the two factors: lit-
ter and treatment. Last row shows that interaction between litter and treatment was not significant.

Factors Critic F value Error probability p
Litter (i = 1,2,3) 29.5 <0.001
Treatment (h = 1,2,3,4) 8.9 <0.001
Litter treatment 1.9 0.07

Table 3 - Multiple comparisons among treatments according to the Bonferroni correction

Treatment Treatment Mean delay Standard deviation Error probability
(days) (days) P

h=1 h=2 -2.5 0.9 <0.05

h=1 h=3 0.8 0.9 1.00

h=1 h=4 1.6 0.9 0.40

h=2 h=3 32 0.9 <0.001
h=2 h=4 4.1 0.9 <0.001
h=3 h=4 0.8 0.9 1.00

dence. The results show that: a) the mean maturation delays of the cohorts exposed to
the stronger magnetic field with respect to the two controls (treatments 2 =2, 3 and & =
2,4, delays 3.2 and 4.1 days, respectively) are highly significant (p < 0.001); b) the mean
maturation delays of the cohorts exposed to the weaker magnetic field with respect to the
two controls (treatments 2 = 1, 3 and /4 = 1, 4) are not significant; c¢) the mean matura-
tion delay of 2.5 days of the cohorts exposed to the stronger field with respect to the
cohorts exposed to the weaker one (treatments /2 = 1, 2) is significant (p < 0.05); d) the
difference in mean maturation times of control cohorts is not significant.

The result that shows a significant delay of mean maturation time of cohorts exposed
to the stronger magnetic field with respect to that exposed to the weaker one solicits the
analysis of the development of cohorts grown in aquariums E1 and E2 before their
arrival to sub-stage 58 to ascertain when the observed delay was commenced. For this
purpose, the daily trends of mean cohort stages K,(j) and K(j) are compared. Table 4
reports the values of K,(j) and K,(j) calculated by the observed data N,(j,k) and Na(j.k)
according to the above definition. It is evident that the average stages of cohorts under
the stronger field were always in retard with respect to those under the weaker one. Fig.
2 shows the plots of K(j) and K,(j) with their regression (straight) lines and regression
equations that are accompanied by very high values of the regression coefficients. In
addition, application of Student’s ¢ statistics for comparison of two regression lines to
the data of Table 4 guarantees that the slopes of the two lines:

v = 0.4759 sub-stages/day, v,= 0.4576 sub-stages/day

are statistically significantly different (=2.106, DF =22, p <0.05). This result shows
that action of the two slightly different magnetic fields in slowing down the develop-
mental rate of exposed cohorts was constantly different and that it started very early in
larval sub-stages (probably in sub-stage 50).
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Table 4 - Daily mean developmental stages of tadpoles cohorts exposed to the weaker magnetic field
K,(j) and to the stronger one K(j) in the solenoid

Day after fertilization (y) Under weaker field Under stronger field
639 uT <B <764 uT 68.4 uT <B <764 uT
cohort mean stage K,(j) cohort mean stage K(j)
9 49.55 49.54
10 49.96 49.90
11 50.36 50.27
12 50.80 50.69
13 51.25 51.10
14 51.85 51.65
15 52.26 52.25
16 52.92 52.63
17 53.30 53.07
18 53.87 53.60
19 54.23 54.03
20 54.60 54.41
21 55.14 54.87
56 y = 0.4756x + 45.158
' R? = 0.9972
55
X 54 ®
g | /
@ 53 T o
= | y = 0.4622x + 45.193
8 5 : /'/ R? = 0.9982
E
51 L
50 ‘/

1 12 13 14 15 16 17 18 19 20 21 22
days after fertilization (j)

Fig. 2. Linear regressions of larval mean sub-stages of exposed X. laevis tadpoles. Empty circles indicate
mean sub-stages K,(j) of tadpoles grown under the weaker magnetic field and the full circles mean sub-
stages K,(j) of tadpoles grown under the stronger one

Discussion and conclusions

First of all we want to stress the sensitivity of X. laevis tadpoles as biological model
for investigating dose-effect responses to weak ELF MF exposures. Experimental
method applied to quantify animal’s developmental rate resulted also very accurate in
revealing a minimum though statistically significant different developmental rate caused
from a minimum though significant exposures.
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One of the main advantages to experiment with X. laevis tadpoles cohorts was the
possibility to rear a relatively large number of specimens in a relatively small volume,
and the other one the extremely detailed sub-division of animal’s larval stage in 24 sub-
stages according to Nicuwkoop and Faber’s®' ‘Normal Tables’. Thanks to these two fea-
tures, we got a large number of experimental data for statistical analysis, and it is this
large number of data (that can easily augmented) that justifies the sensitivity of the
applied experimental method.

It is worth noting that the present work does not deal with an usual stress-control
experiment. Comparison of developmental rates of exposed tadpoles in aquariums E1
and E2 with controls C1 and C2 were already discussed elsewhere®. Here, we are con-
fronting a more subtle question: how and if it is possible to quantify the effects of small
variations of ELF MF exposures on whole organisms in vivo. The results of this report
show that it is possible.

The analysis of variance of maturation frequencies F(j) shows that tadpoles that grew
in aquarium E2 under the stronger field matured with a significant mean delay of 2.5
days with respect to tadpoles that grew in aquarium E1 under the weaker one (Table 3,
first row). This delay was clearly the result of a small but constant (significant) differ-
ence in tadpole’s developmental rates (Figure 2) caused by exposures to two slightly dif-
ferent ranges of ELF magnetic flux densities (68.4 yT <B <76.4, 63.9 uT <B <76.4
uT). The ANOVA shows not only that in our experiments there was a maturation delay
between cohorts exposed to two different MFs, but also a maturation delay between the
exposed and unexposed cohorts (Table 3, rows 2, 3, 4, 5). It also shows that whereas the
mean maturation delays of tadpoles that were exposed to the weaker magnetic field with
respect to control tadpoles in aquariums C1 and C2 resulted small (0.8 days and 1.6 days,
respectively) and not significant (Table 3, rows 2, 3), the mean maturation delays of tad-
poles that were exposed to the stronger magnetic field with respect to the same controls
resulted large (3.2 days and 4.1 days) and highly significant (Table 3, rows 4, 5).
Evidently, it was the stronger field that brought about the major maturation delay both
with respect to controls and to cohorts under the weaker field. This result might suggest
the existence of a threshold around 70 uT magnetic flux density in promoting the
observed slow down of tadpoles developmental rate.

Scientific literature reports a plethora of different and very often contrasting results
about biological effects of ELF MF exposures on living organisms. For example, exper-
iments like ours performed on different animal models brought about: a) malformations
without developmental delays™**?*’, b) malformations with delays®, c¢) delays without
malformations**, d) no malformations and no delays*-*. It is clear that different animals
reacted differently to similar electromagnetic stimuli. Moreover, even equal exposures
applied to the same animal model gave different outcomes (see the results with chicken
embryos, for example) that probably depended on particular ontogenetic stage of expo-
sure. The researches about action of electromagnetic fields on cellular cycle can be sum-
marized in three main groups that take account of: a) inhibition of formation and secre-
tion of melatonin®™ *, b) alteration of the cellular cycle and weakening of the stringency
of cell cycle checkpoints'®'® | ¢) modification of transport mechanisms through cell
membranes' "',

The heterogeneity of results obtained from ELF MF exposure of different organisms
is not surprising if it is considered that the most likely effect of the exposure on biolog-
ical molecules is that suggested by Blank”. According to the Blank’s hypothesis, ELF
MF exposure can bring about charge transfers in proteins that can trigger their confor-
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mational change. Such a change is able in principle to alter different inter- and intra-cel-
lular activation and/or inactivation mechanisms. These mechanisms are different in dif-
ferent animal models and they differ according to developmental degree in the same ani-
mal. At present, we’d suggest to deepen the experimental research on the main animal
models (drosophila, frog, chick, mice, etc.) and to individuate the key developmental
passages affected by ELF MF before proceeding to some generalization of disturbs of
these fields in vivo.

As to X. laevis, it is well known that thyroid hormone controls animal’s pro-meta-
morphosis and activates different pathways in different larval cell types via different
inter- and intra-cellular signaling®'. According to the results of our experiment and to
Blank’s hypothesis, it is presumable that tadpoles exposure in solenoid affected the spa-
tial structure of the hormone or of some molecule controlling its release (e.g. melatonin).
Of course, this doesn’t exclude a possible action of ELF MF on the different signaling
systems that activate and drive the cell cycles (e.g. cyclins) of different larval tissues in
one (or more) larval stage(s).
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Is cognitive function affected by mobile phone radiation
exposure?

Adamantia F. Fragopoulou, Lukas H. Margaritis
Electromagnetic Biology Laboratory, Department of Cell Biology and Biophysics, Faculty of
Biology, Athens University, Greece

Abstract

Behavioral tasks, including the Morris water maze (MWM), radial arm maze
and object recognition task, have been extensively used to test cognitive impair-
ment following exposure of rodents to mobile phone (MP) radiation on various
frequencies and specific absorption rate (SAR) values. Exposed animals in most
of the cases revealed defects in their working memory possibly due to cholinergic
pathway distraction. The only experiment on mice at very low SAR did not show
statistically significant deficits by 8-arm maze, but our own data in mice exposed
to GSM 900 MHz radiation, revealed memory lesions on MWM task; exposed
mice had difficulties in memory consolidation and/or retrieval of the stored
information. Lastly, a number of studies have been applied to volunteers
showing variable results depending on the experimental setup, revealing
memory improvement or deficits following MP exposure.

The recorded data from the literature are generally favouring the conclusion
that EMF is affecting memory function although a more rigorous and repro-
ducible exposure system has to be adopted in relation to the recently criticized
importance of SAR.
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Note added in proofs:

A number of studies have appeared after the submission of the manuscript, dealing with EMFs and cogni-
tive memory function. It is worth mentioning that a positive effect was found on transgenic mice for
Alzheimer’s disease following chronic exposure to MP radiation as reported by Arendash GW, Sanchez-
Ramos J, Mori T, et al. Journal of Alzheimer’s Disease 2010; 19: 191-210.
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Introduction

The extended use of mobile phone technology throughout all social levels and all
ages, starting from as low as 4 years old, has forced a large number of scientists to get
involved in the investigation of the effects. The major issue is that unlike other forms of
everyday radiation exposure, the use of the mobile phone and the wireless DECT phone
takes place near the user’s head and therefore direct or indirect effect on the brain func-
tion is highly possible. Thus, the elucidation of the cellular, molecular and behavioural
effects has to be explored in depth, especially since the majority of life-time users will
be the current teenagers.

The aim of this kind of research is to determine a specific absorption rate (SAR) value
threshold below which no obvious effects are detected in any organism, any cell, in order
to propose biologically based levels for exposing humans on a daily basis either through
cell phones, or base stations or DECT wireless phones or even wi-fi routers and baby
monitors.

To approach these questions, extensive research is being performed in various labo-
ratories. Due to the still unknown mode of primary action at the molecular level, many
approaches studying the effects of microwaves (MW) have been applied'.

At the population level, studies deal with the effects by statistically correlating expo-
sure conditions to health symptoms, as severe as brain tumors*?, or mild well being
discomforts, such as headaches or fatigue*. There is also a report on children exposed
prenatally to mobile phone radiation showing defects on behavior’. In humans, the
studies involve mainly volunteers and have investigated possible effects on sleeping
conditions and memory function®.

Studies on animal models involve every possible aspect of experimental approach
(behavioral, molecular, biochemical, biophysical, ultrastructural, physiological). Such
models used are mainly rodents and to a less degree insects. Our group has shown DNA
fragmentation and induced cell death during oogenesis, along with a decrease in the
offspring number in insects and a defect on osteogenesis following prenatal exposure in
mice”.

Due to the fact that mobile phone use affects mainly the brain tissues, special attention
has been given to the study of hippocampus, cerebellum and frontal brain function and
structure on rodents (mostly rats). In general there are numerous reports on the effects of
electromagnetic fields (EMF) on cognitive functions. Animal learning and memory func-
tion have been tracked using mazes, such as the Morris water maze (MWM), the radial
arm maze (RAM), as well as the object recognition task (ORT) and the object location
task (OLT). It is well documented that these mazes are related to the spatial environment
and recognition learning and memory. Extra maze spatial cues are widely applied to facil-
itate learning and testing any deficits following exposure to MW. Especially RAM is
being used to explain hippocampal formation and function'.

The MWM task is widely used since spatial navigation is a complex cognitive function
that depends on several neural and cognitive systems for successful completion®'. Unlike
the T-maze in which the animals have to make a binary decision (i.e. going left or right),
in the MWM successful performance requires continuous monitoring of the animal’s posi-
tion in relation to extra-maze cues: a process that involves “cognitive mapping”. Many
reports have controversially showed impairment'> ", or improvement' .

At the cell culture level, a number of studies have been performed in order to clarify
under controllable and reproducible conditions, the actual primary damage induced by
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EMFs. Thus, in cultured hippocampus neurons a decrease of excitatory synaptic activity
and a reduced number of excitatory synapses was detected after exposure to GSM 1800
radiation (15 min/day for 7 days) at a SAR value of 2.4 W/kg".

In addition, a recent report has found that EMFs affect the endocytotic activity of
murine melanoma cells".

Besides MW radiation effects, a limited number of studies has used extremely low
frequency (ELF) EMF (50 or 60 Hz depending on the power line) revealing memory
deficits on rats'®*, which, interestingly, become less prominent upon exposure of the
animals to MW?'. A similar study but on mice showed reversible effects on cognitive
functions as revealed by 8-arm RAM?~.

Given the controversial evidence existing on the occurrence or not of any effects
following MW exposure, we present herein a comparative analysis of reports on cogni-
tive effects including some of our own recently published experimental data.

Results and discussion

Several pioneer studies concerning the effects of MW on cognitive functions, that
examined the short term memory of rats, are published using a 2450-MHz circular wave-
guide exposure system and a SAR value of 0.6 W/kg®. These investigators demonstrated
significant deficits when exposed rats were performing at the RAM and the MWM and
suggested that the reported defects in the working memory of rats are possibly due to
cholinergic pathway distraction. On a later report it was shown that rats exposed to the
same conditions, pulsed 2450-MHz MW (500 pulses/s, average power density 2
mW/cm?, average whole body SAR 1.2 W/kg), for 1 hour just before each training
session in a water maze, showed a deficit in their spatial “reference” memory?*.

On the other hand, Cobb and collaborators®, replicating the experiments by LaiZ,
under the same conditions of exposure, i.e. 2450-MHz, circular polarized waveguide
system (CWGQG), SAR value 0.6 W/kg, but with minor methodological differences, did
not find any effects on memory and learning in rats. Additionally, another report that
appeared at the same year by exposing rats at similar conditions, did not observe any
effects with RAM (Table 1)*. However, it had been reported earlier that MW affect
specific cognitive aspects of behavior such as, attention, memory, learning, discrimina-
tion, time perception, which may occur even at very low SAR levels”.

Also, using RAM and ORT, no evidence was found at even higher SAR values of 1-
3.5 W/kg, by applying head only and not whole body exposure of rats for 45 minutes and
at another frequency of 900-MHz*. Cosquer and collaborators on 2005 using a 12-arm
maze apparatus, bordered by 30 cm high opaque walls, observed that exposed rats
behaved normally. Therefore they concluded that MW exposure under those conditions
(2450-MHz, circularly polarized field — Table 1) does not alter spatial working memory,
when access to spatial cues was reduced?®.

In a recent report, the MWM performance of male Wistar rats was affected following
exposure to 50 missed calls/day for 4 weeks by a GSM (900/1800 MHz) mobile phone
in vibratory mode®. The phone-exposed animals had significantly (~3 times) higher
mean latency to reach the target quadrant in the MWM and spent significantly (~2 times)
less time in the target quadrant. Trying to understand the cellular basis of the observed
behavioural deficits, Leif Salford and collaborators have reported that a 2-hr exposure of
rats at GSM 915-MHz resulted in neuronal damage, 28 and 50 days later’'. In addition,
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Table 1 - Comparative studies of EMF on cognitive performance

(ND=not determined, MWM=Morris Water Maze, RAM=Radial Arm Maze)

Study Experimental Exposure  Frequency = SAR or  Duration of  Task Findings
Animal source density exposure
Laietal, 1994  Rats Circular 2450 MHz 0.6 W/kg  45'before  12-arm  Deficit in
polarized each trial RAM working
generator memory
Wang B, Rats Circular 2450 MHz 12 W/kg 1hbefore MWM Deficit
Lai H, 2000 polarized each training in spatial
generator reference
memory
Cobb et al., 2004 Rats Circular 2450 MHz 0.6 W/kg  45'before  12-arm  No effect
polarized each trial RAM
generator
Dubreuil et al.,  Rats RF GSM 1 Wkg  45'before  12-arm  No effect
2003 generator 900 MHz 3.5 W/kg  each trial RAM
Head only ORT
Cassel et al., 2004 Rats Circular 2450 MHz 0.6 W/kg  45' before RAM No effect
polarized each trial
generator
Cosquer et al., Rats Circular 2450 MHz 0.6 W/kg  45' before RAM No effect
2005 polarized each trial  reduced
generator access to cues
Nittby et al., 2008 Rats TEM cells GSM 0.6 mW/kg 2 hr/week ORT Effect
900 MHz 60 mW/kg forayear episodic-
like memory
test 3 weeks
after exposure
Narayanan ef al., Rats Mobile GSM ND ~50’/day MWM Spatial
2009 phone 900/1800 (50 missed memory
MHz calls/day impairment
for 4 weeks)
Lai, 1996 Rats Sinusoidal 60Hz 1 mT 1 hr 12-arm Effect
Lai et al., 1998 magnetic RAM
fields
Jadidi et al., 2007 Rats Sinusoidal 50 Hz 8 mT 20' MWM Spatial
magnetic fields memory
impairment
Sienkiewicz Mice  GTEM cells GSM 0.05 W/kg 45'day for  8-arm No effect
et al., 2000 far field 900 MHz 10 days RAM
Fragopoulou Mice Mobile GSM 0.41-0.98 1 hr MWM Spatial
etal., 2010 phone 900 MHz W/kg  before each memory
trial and impairment,
between the learning
trials lesions
(continued)
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Table 1 - continued
(ND=not determined, MWM=Morris Water Maze, RAM=Radial Arm Maze)

Study Experimental Exposure  Frequency = SAR or  Duration of  Task Findings
Animal source density exposure
Sienkiewicz Mice Sinusoidal 50 Hz 75uTto 45 before 8-arm Reversible
et al., 1998 magnetic 7.5mT each trial RAM effects
fields

Preece et al.,  Humans Local 915 MHz 1 W power ND Working  Improved
1999 brain exposure memory performance
analog phone

Koivisto ef al, Humans Local brain GSM 0.25W  Onandoff Working Improved
2000 exposure by 902 MHz mean power memory performance
mobile phone

Edelstyn and ~ Humans  Local brain GSM 1.19 W/kg 30' Cognitive Improvement

Oldershaw, 20-22  exposure by 900 MHz neuropsycho-
2002 years old mobile phone logical tests
subtraction
and verbal
fluency
Maier et al., Humans  Local brain GSM 1.0 mW/m? 50' Auditory  Impairment
2004 exposure by 915 MHz discrimination
mobile phone
Besset et al., Humans Local brain ~ GSM 900 ND 2 hr/day, Cognitive No effect
2005 exposure by 5 days/week  tasks
mobile phone for 45 days
Russo et al., Humans  Local brain GSM 14 W/kg  40'prior Cognitive No effect
2006 exposure by 888 MHz to test tasks
mobile phone Modulated
CW-un-
modulated

Krause et al.,  Children Local brain GSM 1.4 W/kg Onandoff Auditory Effects

2006 exposure by 902 MHz memory on brain
mobile phone task oscillatory
responses

Regel et al., Humans  Local brain GSM 1.0 Wkg  30'prior Cognitive Increased

2007 exposure by 900 MHz to test tasks  accuracy in a
mobile phone working
memory test
Haarala ef al., Humans Signal GSM 1.1 W/kg Onandoff Cognitive No effects
2007 generator and 902 MHz tasks

dummy phone

Luria et al., Humans  Local brain GSM 0.54-1.09  On and off  Spatial Delay on
2009 exposure by  Nokia Wikg working reaction
mobile phone 5110 memory time

(continua)
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Table 1 - continued
(ND=not determined, MWM=Morris Water Maze, RAM=Radial Arm Maze)

Study Experimental Exposure  Frequency = SAR or  Duration of  Task Findings
Animal source density exposure
Wiholm Humans Headset 884 MHz 14 W/kg 150'prior  Spatial Symptomatic
et al., 2009 with a to test memory group
fixed at 10 p.m. and improved
antenna learning their
placed on the performance
left side of
the head

Reports have been ordered according to date published, species exposed and type of radiation

the same group has reported that the blood brain barrier (BBB) has been disrupted in
irradiated rats®.

Concerning the long term effects, Salford’s group has shown in rats that whole body
SAR values, as low as 0.6 and 60 mW/kg, significantly alter the performance during an
episodic-like memory test after 55 weeks of 2-hr exposure once a week®.

Studies on the effects of MW radiation on mice’ cognitive functions are very limited.
In one of them the animals were exposed within GTEM (Gigahertz Transverse Electro-
magnetic) cells at GSM 900-MHz frequency but at very low SAR of just 0.05 W/kg. No
statistically significant deficits were resolved by 8-arm maze*. Expanding the explo-
ration on the effects of radiation on mice, our group has performed a series of experi-
ments to test spatial memory and learning in mice Mus musculus Balb/c using primarily
the MWM task. The exposure setup consisted of a commercially available mobile phone,
as firstly introduced by our group in insects’”* and applied recently as well in mice®*. In
these experiments free moving mice were irradiated within their home plastic cages, as
also reported by other studies in rats***. The animals were exposed to a 2-hr daily dose
of pulsed GSM 900-MHz voice modulated at a SAR level of 0.41 to 0.98 W/kg, for four
consecutive days during the MWM task protocol. Extended analysis of the data revealed
that the animals exposed to the near field of a commercially available mobile phone
could not transfer the learned information across the training days. Moreover, the data
of the memory probe trial showed that the exposed animals had difficulties in memory
consolidation and/or retrieval of the stored information of the position of the hidden plat-
form, since they showed no preference for the target quadrant. Before each set of exper-
iments the mean power density of the radiation emitted by the mobile phone handset in
the RF range at 900-MHz was measured with the field meter’s probe placed inside the
cage with the animals. The measured exposure values were in general within the estab-
lished exposure limits by ICNIRP on 1998". We used commercially available digital
mobile phone handsets, in order to analyse effects of real mobile telephony exposure
conditions. Thus, instead of using simulations of digital mobile telephony signals with
constant parameters (frequency, intensity, etc.), or even “test mobile phones”
programmed to emit mobile telephony signals with controllable power or frequency, we
used real GSM signals which are never constant since there are continuous changes in
their intensity™®.

The SAR was approximately calculated according to the formula®*:

SAR = 6E%/p
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where E is the root mean square value of the electrical field, o is the mean electrical
conductivity of the tissues and p is the mass density. The SAR is a parameter widely
used by many authors to compare the absorbed energy in different biological tissues.
Thus, the parameters used for mice and rats were calculated according to Peyman et al.”.

Another very promising and significant set of approaches involves experimental studies
on volunteers and have focused on human cognitive function following exposure to mobile
phone radiation (Table 1). One category of reports has shown memory improvement, i.e.
facilitation in attention following exposure to mobile phone'. In another case, 915-MHz
mobile phone exposure improved performance in a working memory task”, and in the
same direction another study found improvement in cognitive tasks, i.e. verbal memory
capacity, sustained attention and visuospatial working memory*.

Also, DeSeze’ group has studied on 2005 the outcomes from the daily use of mobile
phones GSM 900 on cognitive function*. Fifty-five subjects (27 males and 28 females)
were divided into two groups: a group with mobile phone switched on and a group with
mobile phone switched off. The two groups were matched according to age, gender, and
IQ. This double blind study lasted for 45 days and the neuropsychological test battery
composed of 22 tasks, screened four neuropsychological categories: information
processing, attention capacity, memory function, and executive function. This neuropsy-
chological battery was performed four times, on day 2, day 15, day 29, and day 43. The
results indicated that daily mobile phone use had no effect on cognitive function after a
13-hr rest period.

In a very interesting study Krause and collaborators assessed the effects of EMF
emitted by mobile phones on the 1-20 Hz range by event-related brain oscillatory elec-
troencephalogram (EEQG) responses in children performing an auditory memory task
(encoding and recognition)”. What they found was that EMF emitted by mobile phones
has effects on brain oscillatory responses during cognitive processing at least in
teenagers. Also in an attempt to test MW effects on human attention Russo and collab-
orators studied on 2006 a large sample of volunteers (168) using a series of cognitive
tasks apparently sensitive to RF exposure (a simple reaction task, a vigilance task, and a
subtraction task)®. Participants performed those tasks twice, in two different sessions. In
one session they were exposed to RF, with half of subjects exposed to GSM signals and
the other half exposed to continuous waves (CW) signals, while in the other session they
were exposed to sham signals. No significant effects of RF exposure on performance for
either GSM or CW were found. On the other hand, it has been shown that in humans,
exposure at 1| W/kg, to pulse-modulated radio frequency electromagnetic field 900 MHz,
reduced reaction speed and increased accuracy in a working-memory task*. The same
study showed that exposure prior to sleep alters brain activity. For a summary of the
available literature see Table 1.

The possible effects of CW and pulse modulated (PM) EMF on human cognition in
36 healthy male subjects were studied by Haarala and collaborators on 2007. They
performed cognitive tasks while the volunteers were exposed to CW, PM, and sham
EMF. They found no differences between the different EMF conditions®.

In a just recent report, Bengt Arnetz’ group investigated the effects of a 2 hr and 30
min RF exposure (884-MHz) on spatial memory and learning, using a double-blind
repeated measures design®. The exposure was designed to mimic a real-life mobile phone
conversation, at a SAR value of 1.4 W/kg. The primary outcome measure was a
“‘virtual’” spatial navigation task modelled after the commonly used and validated
MWM. The distance travelled on each trial and the amount of improvement across trials
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(i.e., learning) were used as dependent variables. The participants were daily mobile
phone users, with and without symptoms attributed to regular mobile phone use. The
symptomatic group improved their performance during RF exposure while there was no
such effect in the non-symptomatic group (Table 1).

Conclusions

In the presented studies the effects of MW radiation deriving either from RF gener-
ator providing continuous or modulated mobile phone-like signal, or from conventional
mobile phone either computer controlled or under normal communication, were investi-
gated at various carrier frequencies, 900, 1800 and 2450 MHz on the spatial learning and
memory of rodents and humans. Several investigators have demonstrated the common-
ality between the performance of humans on real time spatial navigation tasks as
compared to rats, mice and most other mammals studied so far*. The role of
hippocampus, in particular, in navigation is concordant with neuronal response in rats
and we assume in mice as well.

In our experiments using the MWM, Balb/c mice were required to find a submerged
platform in the circular pool after 4 days of training by creating a “reference map” (refer-
ence memory)*. Exposed mice to the near field of a conventional mobile phone showed
difficulty in finding the position of the hidden platform during training and could not
transfer the learned information across the days. The recorded data from the probe trial
indicated that exposed mice had difficulty in memory consolidation and/or retrieval of
the stored information®.

A number of studies have used a range of SAR values, from 0.02 mW/kg up to 4 W/kg
in order to induce and detect memory deficits in rodents and especially in rats. In the vast
majority of the studies the Transversal Electromagnetic Mode (TEM) cells were used,
exposing the animals at a given power density from an RF generator. Similar learning and
memory deficits revealed with the MWM following exposure to pulsed circularly polar-
ized 2450-MHz MW at 2 mW/cm? power density, have been also reported in rats®. Some
studies failed to reveal any effects whereas others have demonstrated that according to the
radiation set up used (frequency, power density and duration of exposure) the animals’
memory function is somehow affected by EMF (Table 1). In a very recent study
Narayanan and collaborators using similar to ours exposure setup protocol irradiated male
Wistar rats, 10-12 weeks old, which are developmentally comparable to human
teenagers®. The rats were exposed to 50 missed calls/day for 4 weeks from a GSM
(900/1800-MHz) mobile phone in vibratory mode (no ring tone). After the experimental
period, the animals were tested for spatial memory performance using the MWM test.
Both phone exposed and sham exposed animals showed a significant decrease in escape
time with training. In the probe trial phone exposed animals had significantly (~3 times)
higher mean latency to reach the target quadrant and spent significantly (~2 times) less
time in the target quadrant than age- and sex-matched controls. It is crucial to note that
this work has used similar to ours experimental protocol having the mobile phone within
the cage, but with longer exposure. It seems therefore that mice and rats respond similarly
to the radiation stress by exhibiting deficits in their spatial memory operation. Some
investigators (including our group) have chosen to perform experiments in animals
allowed to move freely in their home cages during exposure to radiation”*****. Doing so,
any possible confounding effects of restraint stress are minimized, since it is well known
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that stress affects learning and memory*. Exposure conditions were carefully selected in
order to simulate as close as possible ordinary mobile phone use (duration and signal
strength). EMF with changing parameters are found to be more bioactive than fields with
constant parameters* *->°. That is probably because it is more difficult for living organ-
isms to get adapted to them. Experiments with constant GSM or DCS signals can be
performed, but they do not simulate actual conditions. International guidelines limit the
local SAR to a maximum of 2 W/kg¥, or 1.6 W/kg*. Since the maximum SAR value as
calculated in our experiments was at most 0.98 W/kg and since this SAR value does not
affect the mice’s body temperature”, the exposure conditions used in our experiments can
be considered nonthermal.

Furthermore, some investigators (including us) selected the age of the experimental
animals (50-day-old) to correspond approximately to that of late adolescence in humans,
a population in which mobile phone use is particularly prevalent. Similar to our exposure
conditions have been used by other investigators®'; they have irradiated rats with conven-
tional mobile phone operating at a maximum power of 0.607 W. They found by mRNA
analysis an effect on injury associated proteins leading to cellular damage to the rat brain.

Since it is well known that performance in the MWM is dependent on the
hippocampus, it is plausible to assume that MW radiation exposure affected this brain
area. Such a notion may be supported by the observation that apoptotic cells have been
detected in the hippocampus of rats after a 2 hr for 50 days GSM radiation®"*. Further-
more, the function of the hippocampus could be affected by the GSM irradiation
possibly due to disruption of the blood-brain barrier, which has been reported to occur
as a result of GSM irradiation®**. However, other investigators using 915-MHz at power
levels resulting in whole-body specific absorption rates of 0.0018-20 W/kg failed to
reveal such a relationship™.

Considering that memory functions are similar in mice and humans with respect to
the involvement of the hippocampus®, we may assume that upon using the mobile phone
in contact with the head, a person may experience cognitive deficits. Interestingly, it has
been reported that exposure to GSM 890-MHz radiation results in deficits of human
cognitive function®. The same research group reported recently using a spatial working
memory task that the average reaction time (RT) of the right-hand responses under left-
side exposure condition was significantly longer than those of the right-side and sham-
exposure groups®’. These results confirmed the existence of an effect of exposure on RT,
as well as the fact that exposure duration (together with the responding hand and the side
of exposure) may play an important role in producing detectable radiofrequency radia-
tion (RFR) effects on performance. It is notable that right and left hemispheres did not
show similar patterns of activation. Differences in these parameters might be the reason
for the failure of certain studies to detect or replicate RFR effects. The question whether
the memory impairment is reversible is open for exploration by further experiments
which are in progress. Finally the actual molecular impact of the EMF is being studied
at the proteomics level in our lab, in an attempt to explain the molecular events under-
lying the brain cells’ malfunction after irradiation.

It has been suggested that behavioral alterations induced by EMF are thermally medi-
ated*®. That is because in most studies these effects derive from SAR values beyond the
reference standard of 2 W/kg. The effects reported at very low SAR values may be
explained by free radical formation as suggested®. It could also be due to protein confor-
mation changes®. It might be possible that these changes cause alterations in cognitive
function-related proteins, such as androgen receptors and apolipoprotein A®.
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Finally, as questioned in a recent study by Philips and collaborators®: “Are studies
unable to replicate the work of others more credible than the original studies? In other
words, can negative studies cancel positive studies or may studies showing effects be
less valid because no explanation is provided?”” The answer is that given the different
frequency and modulation and in general the exposure set up conditions used in different
studies, the issue remains open as to which of the parameters used in the “exposure cock-
tail”, is crucial to alter brain cells’ function. Is it the RF itself or the modulation? Or may
be the ELF component of the battery switching mode of the cell phone. This issue is
more complex than it seems when trying to compare animal studies with human clinical
or experimental findings, possibly due to the differences in exposure conditions. Till the
final elucidation of the effects, this research task is open for investigation requiring prob-
ably more sophisticated approaches and experimentation procedures.
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Abstract

Aim: The effect of pulsed (100 Hz) microwave (MW) radiation on heart rate
variability (HRV) was tested in a double blind study. Materials and Methods:
Twenty-five subjects in Colorado between the ages of 37 to 79 completed an
electrohypersensitivity (EHS) questionnaire. After recording their orthostatic
HRYV, we did continuous real-time monitoring of HRV in a provocation study,
where supine subjects were exposed for 3-minute intervals to radiation gener-
ated by a cordless phone at 2.4 GHz or to sham exposure. Results: Question-
naire: Based on self-assessments, participants classified themselves as
extremely electrically sensitive (24%), moderately (16%), slightly (16%), not
sensitive (8%) or with no opinion (36%) about their sensitivity. The top 10
symptoms experienced by those claiming to be sensitive include memory prob-
lems, difficulty concentrating, eye problems, sleep disorder, feeling unwell,
headache, dizziness, tinnitus, chronic fatigue, and heart palpitations. The five
most common objects allegedly causing sensitivity were fluorescent lights,
antennas, cell phones, Wi-Fi, and cordless phones. Provocation Experiment:
Forty percent of the subjects experienced some changes in their HRYV attribut-
able to digitally pulsed (100 Hz) MW radiation. For some the response was
extreme (tachycardia), for others moderate to mild (changes in sympathetic
nervous system and/or parasympathetic nervous system). and for some there
was no observable reaction either because of high adaptive capacity or because
of systemic neurovegetative exhaustion. Conclusions: Orthostatic HRV
combined with provocation testing may provide a diagnostic test for some EHS
sufferers when they are exposed to electromagnetic emitting devices. This is the
first study that documents immediate and dramatic changes in both Hearth
Rate (HR) and HR variability (HRV) associated with MW exposure at levels
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well below (0.5%) federal guidelines in Canada and the United States (1000
microW/cm?).

Key Words: heart rate variability, microwave radiation, DECT phone, auto-
nomic nervous system, provocation study, sympathetic, parasympathetic, cord-
less phone, 2.4 GHz, electrohypersensitivity

Introduction

A growing population claims to be sensitive to devices emitting electromagnetic
energy. Hallberg and Oberfeld' report a prevalence of electrohypersensitivity (EHS)
that has increased from less than 2% prior to 1997 to approximately 10% by 2004 and
is expected to affect 50% of the population by 2017. Whether this is due to a real
increase in EHS or to greater media attention, is not known. However, to label EHS as
a psychological disorder or to attribute the symptoms to aging and/or stress does not
resolve the issue that a growing population, especially those under the age of 60, are
suffering from some combination of fatigue, sleep disturbance, chronic pain, skin, eye,
hearing, cardiovascular and balance problems, mood disorders as well as cognitive
dysfunction and that these symptoms appear to worsen when people are exposed to
electromagnetic emitting devices*”.

The World Health Organization (WHO) organized an international seminar and

working group meeting in Prague on EMF Hypersensitivity in 2004, and at that meeting
they defined EHS as follows®:
“. .. a phenomenon where individuals experience adverse health effects while using
or being in the vicinity of devices emanating electric, magnetic, or electromagnetic
fields (EMFs) . . . Whatever its cause, EHS is a real and sometimes a debilitating
problem for the affected persons . . . Their exposures are generally several orders of
magnitude under the limits in internationally accepted standards.”

The WHO goes on to state that:

“EHS is characterized by a variety of non-specific symptoms, which afflicted indi-
viduals attribute to exposure to EMF. The symptoms most commonly experienced
include dermatological symptoms (redness, tingling, and burning sensations) as well
as neurasthenic and vegetative symptoms (fatigue, tiredness, concentration difficul-
ties, dizziness, nausea, heart palpitation and digestive disturbances). The collection
of symptoms is not part of any recognized syndrome.”

Both provocation studies (where individuals are exposed to some form of electro-
magnetic energy and their symptoms are documented) and amelioration studies (where
exposure is reduced) can shed light on the offending energy source and the type and rate
of reaction.

Several amelioration studies have documented improvements in the behavior of
students and the health and wellbeing of teachers’, among asthmatics', and in both
diabetics and those with multiple sclerosis''> when their exposure to dirty electricity is
reduced. Dirty electricity refers to microsurges flowing along electrical wires in the kHz
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range that can damage sensitive electronic equipment and, it appears, affect the health of
those exposed.

In contrast to amelioration studies, provocation studies, examining the response of
people with self-diagnosed EHS, have generated mixed results.

Rea et al.”* were one of the first to show that sensitive individuals responded repeat-
edly to several frequencies between 0.1 Hz and 5 MHz but not to blank challenges. Reac-
tions were mostly neurological and included tingling, sleepiness, headache, dizziness,
and - in severe cases - unconsciousness, although other symptoms were also observed
including pain of various sorts, muscle tightness particularly in the chest, spasm, palpi-
tation, flushing, tachycardia, etc. In addition to the clinical symptoms, instrument
recordings of pupil dilation, respiration, and heart activity were also included in the
study using a double-blind approach. Results showed a 20% decrease in pulmonary
function and a 40% increase in heart rate. These objective instrumental recordings, in
combination with the clinical symptoms, demonstrate that EMF sensitive individuals
respond physiologically to certain EMF frequencies although responses were robust for
only 16 of the 100 potentially sensitive individuals tested.

In a more recent review, Rubin et al.** concluded that there was no robust evidence to
support the existence of a biophysical hypersensitivity to EMF. This was based on 31
double-blind experiments that tested 725 EHS subjects. Twenty-four studies found no
difference between exposure and sham conditions and of the seven studies that did find
some evidence that exposure affected EHS participants, the research group failed to repli-
cate the results (two studies) or the results appeared to be statistical artifacts (three studies).

Those who live near antennas and those who suffer from EHS often complain of
cardiovascular problems such as rapid heart rate, arrhythmia, chest pain, and/or changes
in blood pressure®”>'6,

Indeed, the doctors who signed the Freiburger Appeal' stated the following:

“We have observed, in recent years, a dramatic rise in severe and chronic disease
among our patients especially . . . extreme fluctuations in blood pressure, ever harder
to influence with medications; heart rhythm disorders; heart attacks and strokes
among an increasingly younger population . . .”

Based on these findings we decided to study the affect of microwave (MW) radiation
generated by a digital cordless phone on the cardiovascular system by monitoring heart
rate variability (HRV). Unlike cell phones that radiate microwaves only when they are
either transmitting or receiving information, the cordless phone we used radiates
constantly as long as the base of the phone is plugged into an electrical outlet. The phone
we used was an AT&T digitalally pulsed (100 Hz) cordless telephone that operates at
2.4 GHz or frequencies commonly used for microwave ovens and Wi-Fi. It resembles its
European version know as a Digital Enhanced Cordless Telecommunications (DECT)
phone that operates at 1.9 GHz".

HRV is increasingly used for screening cardiovascular and neurological disorders'**.
We wanted to determine whether HRV could be used as a tool to diagnose EHS and
whether it could be used to predict probability and/or intensity of the reaction to a MW
provocation. The HRV analysis, using NervExpress software® *, provides information
about the functioning of the sympathetic and parasympathetic nervous system with real
time monitoring and provides additional information including a pre-exposure fitness
score based on the orthostatic test.
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Materials and methods
Background electromagnetic environment

Testing was done in two locations, one in Golden and the other in Boulder, Colorado,
on three separate weekdays during a 6-day period (Table 1). Background levels of low
frequency magnetic fields, intermediate frequency radiation on electrical wires, and
radio frequency radiation were monitored at each location and the values are provided
in Table 1. All testing of the electromagnetic environment was done in the area where
volunteers were tested for their heart rate variability during the provocation study.

The extremely low frequency magnetic field was measured with an omni-directional
Trifield meter. This meter is calibrated at 60 Hz with a frequency-weighted response
from 30 to 500 Hz and a flat response from 500 to 1000 Hz. Accuracy is + 20%.

Power quality was measured with a Microsurge Meter that measures high frequency
transients and harmonics between 4 and 150 kHz (intermediate frequency range). This
meter provides a digital reading from 1 to 1999 of dv/dt expressed as GS units with a +/-
5% accuracy”. Since we were trying to ensure low background exposure, we installed
GS filters to improve power quality. The results recorded are with GS filters installed.

Within at least 100 m of the testing area, all wireless devices (cell phones, cordless
phones, wireless routers) were turned off. Radio frequency radiation from outside the
testing area was measured with an Electrosmog Meter, which has an accuracy of £2.4
dB within the frequency range of 50 MHz to 3.5 GHz. Measurements were conducted
using the omni-directional mode and were repeated during the testing. This meter was
also used to determine the exposure of test subjects during provocation with a digital
cordless phone. This cordless phone emits radio frequency radiation when the base
station is plugged into an electrical outlet. This happens even when the phone is not in
use. We used the base station of an AT&T 2.4 GHz phone (digitally pulsed at 100 Hz)
to expose subjects to MW radiation's. The emission of MWs at different distances from
the front of the base station is provided in fig. 1.

Testing of subjects

Subjects were recruited by word-of-mouth based on their availability during a short
period of testing. Of the 27 people who volunteered to be tested, two were excluded, one
based on age (less than 16 years old) and another based on a serious heart condition.

Subjects were asked to complete a wellness and EHS questionnaire. They were then
asked questions about their age, height, weight, blood type, time of last meal, and occu-
pation (in the event of occupational exposure to electromagnetic fields/radiation).

Table 1 - Measurements of the electromagnetic environment at each testing location

Location Date Magnetic Field Power Quality Radio Frequency Radiation
30 - 1000 Hz 4 -150 kHz 50 MHz - 3.5 GHz

Colorado mG GS units microW/cm?

Golden 10/16/08 3-15 140 0.8

Boulder 10/20/08 0.4 37 <0.01

Boulder 10/21/08 0.4 80 <0.01
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Power Density near a 2.4 GHz Digital Cordless Phone (not in use)

1000

Power Density (microw/ cmz)

Distance (cm)

Fig. 1. Radiation near a 2.4 GHz AT&T digital cordless phone when the base station of the phone is
plugged into an electrical outlet and the phone is not in use

We measured resting heart rate and blood pressure using a Life Source UA-767 Plus
digital blood pressure monitor; saliva pH with pH ion test strips designed for urine and
saliva (pH range 4.5-9.0), and blood sugar with ACCU-CHEK Compact Plus.

In an attempt to address the question: “Is there a simple test that relates EHS with the
electrical environment of the human body?”, we measured galvanic skin response (GSR),
body voltage, and the high and low frequency electric and magnetic field of each subject.

Wrist-to-wrist galvanic skin response was measured as an indicator of stress using a
Nexxtech voltmeter (Cat. No. 2200810) set at 20 volts DC and attached to the inner wrist
with a Medi Trace 535 ECG Conducive Adhesive Electrodes Foam used for ECG moni-
toring. Capacitively coupled “body voltage” was measured with a MSI Multimeter
connected to a BV-1 body voltage adaptor. The subject’s thumb was placed on one
connector and the other connector was plugged into the electrical ground, which served
as the reference electrode. High frequency (HF) and low frequency (LF) electric and
magnetic fields were measured with a Multidetektor II Profi Meter held at approximately
30 cm from the subject’s body, while the subject was seated.

HRYV testing

Two types of HRV testing were conducted. The first was an orthostatic test and the
second was continuous monitoring of heart rate variability with and without provocation
(exposure to MW frequencies from a digital cordless phone). NervExpress software was
used for HRV testing”. NervExpress has both CE and EU approval and is a Class Two
Medical Device in Canada and in the European Union. An electrode belt with transmitter
was placed on the person’s chest near the heart, against the skin. A wired HRV cable
with receiver was clipped to the clothing near the transmitter and connected to the COM
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port of the computer for acoustical-wired transmission (not wireless). This provided
continuous monitoring of the interval between heartbeats (R-R interval).

For the orthostatic testing subject laid down on his/her back and remained in this
position for 192 R-R intervals or heartbeats (approximately 3 minutes), at which time a
beep from the computer indicated that the person stand up and remain standing until the
end of the testing period, which was 448 intervals (approximately 7 minutes depending
on heart rate).

For the provocation testing, subject remained in a lying down position for the dura-
tion of the testing. A digital cordless phone base station, placed approximately 30 to 50
cm from subject’s head, was then connected randomly to either a live (real exposure) or
dead (sham exposure) extension cord. It was not possible for the subject to know if the
cordless phone was on or off at any one time. Continuous real-time monitoring recorded
the interval between each heartbeat. Data were analyzed by timed stages consisting of
192 R-R intervals (heartbeats).

The sham exposures are referred to as either pre-MW exposure or post-MW exposure
to differentiate the order of testing. Since type of exposure was done randomly in some
instances either the pre-MW or the post-MW is missing. Subjects who reacted immedi-
ately to the cordless phone were retested with more real/sham exposures. When subject
was exposed multiple times, only the first exposure was used for comparison. Provoca-
tion testing took between 9 to 30 minutes per subject.

After the initial testing, treatments (deep breathing, laser acupuncture, Clean Sweep)
that might alleviate symptoms were tried on a few subjects but these results will be
reported elsewhere.

Interpretation of HRV results

The results for the orthostatic testing and provocation testing were sent to one of the
authors (JM) for interpretation. An example of the type of information send is provided
in fig. 2 (orthostatic) and fig. 3 (provocation). No information was provided about the
subject’s self-proclaimed EHS and the information about exposure was blinded. JM did
not examine the provocation results until he reviewed the orthostatic results. No attempt
was made to relate the two during this initial stage of interpretation.

Predicting response and health based on orthostatic test

For the orthostatic testing JM provided a ranking for cardiovascular tone (CVT),
which is based on the blood pressure and heart rate (sum of systolic and diastolic blood
pressure times heart rate) and provides information on whether the cardiovascular
system is hypotonic (<12,500) or hypertonic (>16,500). We used a 5-point ranking scale
as follows: Rank 1: < 12,500, hypotonic; Rank 2: 12,500 to 14,000; Rank 3: 14,000 to
15,500; Rank 4: 15,500 to 16,500; Rank 5: > 16,500, hypertonic.

Non-Adaptive Capacity (NAC)* was ranked on a 5-point scale with 1 indicating
highly adaptive and 5 indicating highly non-adaptive. This was based on a balanced
sympathetic (SNS) and parasympathetic (PSNS) nervous system (average orthostatic
response within =1 standard deviation from center on graph) and on the overall fitness

* Later Adaptive Capacity (AC) was used, which is the inverse of NAC.
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Fig. 2. Orthostatic HRV information provided for blinded analysis of Subject 18

score. The closer to normal value of the autonomic nervous system (ANS) in a given
subject, the less likely they are to react, since their adaptive capacity is high. “Normal”
refers to the balanced SNS/PSNS and the appropriate direction of movement under
stress, in this case when person stood up. Direction of movement is shown in the
NervExpress graph (fig. 2). Appropriate direction of movement would be either up 1
standard deviation (small increase in SNS and no change in PSNS); up and to the left
1 standard deviation each (small increase in SNS and small decrease in PSNS); or to
left (no change in SNS and slight decrease in PSNS). For those who move further to the
left (greater down regulation of PSNS) or further up and to the left (greater up regula-
tion of SNS combined with a greater down regulation of PSNS), the less likely they are
to adapt and the more likely they are to react. Likewise, if the fitness score is high or
adequate, the individual would be capable of resisting the stressor. An adequate phys-
ical fitness score is between 1:1 and 10:6. The first number refers to the functioning of
the physiological system and the second is the adaptation reserve. The lower the
numbers the greater the level of fitness in each category. Note, if a subject with good
or adequate fitness was to be a reactor to MW stress, his/her reaction would be both
rapid and strong.

Probability of Reaction (POR) was ranked on a 5-point scale with “1” indicating low
probability of a reaction and “5” indicating high probability of a reaction to stress of
any kind. Criteria were similar to the NAC. However, greater consideration was given
to the Chronotropic Myocardial Reaction Index (ChMR) value and the dysautonomic
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Fig. 3. Continuous monitoring of HRV with real and sham exposure to MW radiation from a digital cord-
less phone. Information provided for blinded analysis of Subject 18

status (average of orthostatic test is more than two standard deviations from center or
up to the right) of the subject, whereby individuals with compromised ANS and a poor
ChMR ranking (outside the range of 0.53 to 0.69) would be most likely to react and vice
versa.

A potential non-responding reactor is someone with low energy, average orthostatic
response in lower left quadrate, and a physical fitness score between 10:6 and 13:7.
Subject 18 in fig. 2 is a borderline non-responding reactor. Note, this does not neces-
sarily imply that this person is hypersensitive, only that he probably does not have
enough energy to mount a reaction even if he was EHS.

JM also provided his comments on the health status of the subject based on the
rhythmogram, autonomic nervous system assessment (changes in the SNS and PSNS),
Fitness Score, Vascular Compensation Reaction (VC), ChMR, Compensation Response
(CR), Ortho Test Ratio (OTR), Parameters of Optimal Variability (POV), Index of
Discrepancy (ID); and Tension Index (TI). The interpretation of the HRV parameters is
dependant to a certain degree on the integration of all the data provided as a whole with
value being given to the total ANS picture presented. Those skilled in the art and
science of HRV analysis should reach similar interpretive assessment of the data
presented here®.

Blinded analysis of provocation results

The blinded data for the continuous monitoring of heart rate variability with real and
sham exposure were sent to JM for analysis (fig. 3). JM attempted to identify the stage
during which exposure took place, stage during which the subject reacted, and then
ranked symptom probability (5-point scale) and intensity (non-reactive, mild, moderate,
intense). The assessment is provided in Appendix A.
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Wellness and EHS Questionnaire

Prior to any testing, each subject was asked to complete a wellness and EHS question-
naire. This was designed on surveymonkey (www.surveymonkey.com) and was adminis-
tered in paper format. This questionnaire was analyzed separately from the HRV data.

Results
Background electromagnetic environment

The two environments, where we conducted the testing, differed in their background
levels of EMF and electromagnetic radiation (EMR). The Golden site had high magnetic
fields (3-15 mG), high levels of dirty electricity (140 GS units) despite the GS filters
being installed, and elevated levels of radio frequency (RF) radiation (0.8 microW/cm?)
coming from 27 TV transmitters on Lookout Mountain within 4 km of our testing envi-
ronment. Despite RF reflecting film on windows the RF levels inside the home were
elevated. The Boulder environment was relatively pristine and differed only with respect
to power quality on the two days of testing (Table 1).

The cordless phone, used for provocation, produced radiation that was maximal at the
subject’s head (3 to 5 microW/cm?) and minimal at the subject’s feet (0.2 to 0.8
microW/cm?) depending on height of subject and the environment. The cordless phone
did not alter magnetic field or power quality.

Participants

A total of 25 subjects were included in this pilot study, ranging in age from 37 to 79
with most (40%) of the subjects in their 50s (Table 2). Eighty percent were females.
Approximately half of the participants had normal body mass index and the other half
were either overweight (28%) or obese (16%)*. Mean resting heart rate for this group
was 70 (beats per minute) and ranged from 53 to 81. Blood pressure fell within a
normal range for 40% of participants and fell within stage 1 of high blood pressure for
16% of the subjects®. None of the subjects had pacemakers, a prerequisite for the study.
Forty percent had mercury amalgam fillings and 28% had metal (artificial joints,
braces, etc.) in their body. This is relevant as metal implants and mercury fillings may
relate to EHS™.

Questionnaire
Self-perceived Electrosensitivity

One third of participants did not know if they were or were not electrically sensitive,
40% believed they were moderately to extremely sensitive, 16% stated that they had a little
sensitivity, and 8% claimed they were not at all sensitive. Their sensitivity was slightly
debilitating for 24% and moderately debilitating for 20% of participants (fig. 4).

Reaction time for symptoms to appear after exposure ranged from immediately (12%)
to within 2 hours (4%) and was within 10 minutes for the majority of those who believe
they react (28%) (fig. 5). Recovery time ranged from immediately to within 1 day with
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Table 2 - Information about participants

# %
Gender Male 5 20%
Female 20 80%
Age Mean and Range 60 years 37-79 years
Age Class 20s 1 4%
30s 1 4%
40s 2 8%
50s 10 40%
60s 5 20%
70s 7 28%
BMI* obese 4 16%
overweight 7 28%
normal 13 52%
underweight 1 4%
Resting Heart Rate Mean and Range 70 bpm 53-81 bpm
Blood Pressure® Normal 10 40%
Pre-hypertension 11 44%
High Blood Pressure 4 16%
Metal in Body Pace maker 0 0%
Mercury fillings 10 40%
Other metal 7 28%

*BMI = Body Mass Index based on height and weight*
*Blood Pressure (BP) according to National Heart Lung and Blood Institute (nd)”

only 4% claiming to recover immediately. Several participants noted that the rate of
reaction and recovery is a function of the severity of their exposure and their state of
health. The more intense the exposure the more rapid their response and the slower their
rate of recovery. These results may have a bearing on the provocation study as we are
testing an immediate reaction/recovery response (~3 minutes) to a moderate intensity
exposure (3 to 5 uW/cm?) and the percent that claims to respond quickly is low among
this group.

Symptoms

The most common symptoms of exposure to electrosmog, as identified by this group
of participants, included poor short-term memory, difficulty concentrating, eye prob-
lems, sleep disorder, feeling unwell, headache, dizziness, tinnitus, chronic fatigue and
heart palpitations (fig. 6, upper graph). Of the symptoms commonly associated with
EHS, heart palpitations (10"), rapid heartbeat (18"), arrhythmia (21*), and slower heart-
beat (23*) are the only ones we would be able to identify with HRV testing. For most
participants who claim to react, reactions are mild to moderate.

All of the symptoms, except high blood pressure, arrhythmia, and slower heartbeat,
were experienced several times per day (daily) or several times per week (weekly) by at
least one or more participants. The patterns for symptom severity and frequency are
similar (fig. 6, upper vs lower graph). Some of the symptoms (feeling unwell, pain,
chronic fatigue, gas/bloat, skin problems) were experienced several times each month
(monthly) may relate to menses in pre-menopausal or peri-menopausal women (16
women).
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Fig. 4. Self-proclaimed electrosensitivity of participants (n=25)

A large percentage of participants had food allergies (64%), mold/pollen/dust aller-
gies (48%), pet allergies (20%), and were chemically sensitive (36%) (fig. 7).

Some also had pre-existing health/medical conditions (fig. 8). The top five were
anxiety (28%); hypo-thyroidism (24%); autoimmune disorder (20%), depression (16%)
and high blood pressure (16%). Note these may be self-diagnosed rather than medically
diagnosed conditions.

Objects contributing or associated with adverse health symptoms

Among the objects identified as contributing to adverse health symptoms, tube fluo-
rescent lights were at the top of the list with more than 40% of participants reacting often
or always (fig. 9). The next 4 items on the list (antennas, cell phones, Wi-Fi, cordless
phones) all emit microwave radiation. According to this figure 16% of subjects respond
to cordless phones ofien or always and their responses may include headaches, dizziness,
depression, which we are unable to monitor with HRV.

Fifty-two percent stated they are debilitated by their sensitivity, 24% slightly, 20%
moderately, and 8% severely. Some have difficult shopping, which may relate to
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Fig. 5. Self-proclaimed response time of participants to electro-stress and recovery (n=25)

lighting in stores. Others have difficulty flying or traveling by car, perhaps due to
microwave exposure on highways and in airplanes. A few subjects are unable to use
mobile phones and computers and are unable to watch television. Some are unable to
wear jewelry because it irritates the skin and/or watches because they often malfunction

(fig. 7).
EHS and person’s EMF

The body voltage, as measured by the potential difference between the subject and the
electrical ground, differed at the two sites. Subjects at Golden had much higher values
than those at Boulder. This was also the case for the high and low frequency electric field
and for the HF and LF magnetic field (Table 3). Galvanic skin response was highly vari-
able among subjects prior to testing and did not relate to either sensitivity or the envi-
ronment. There was no association between any of the EMF measurements (body
voltage, GSR, electric field or magnetic field) that we conducted prior to testing and
EHS of the subjects tested. In a follow-up study it would be useful to monitor each
person’s EMF before, during, and after exposure.
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Severity of Symptoms when exposed to Electrosmog
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Fig. 6. Severity and frequency of symptoms associated with electrosmog exposure (n=25)

Blind assessment of responses. orthostatic HRV provocation HRV

The Orthostatic HRV provided us with the state of the ANS and the relative fitness
score of the individual prior to exposure, which is important for predicting the intensity
outcome of exposure.

A summary of the orthostatic HRV (blinded analysis) along with the self-assessment
and the provocation HRV (blinded and unblinded) are provide in Appendix A for each
subject. For those individuals who had either a moderate or intense response, the blinded
predictions show good agreement for stage of exposure and for intensity of exposure.

Based on the orthostatic test, those with high adaptive capacity had a lower proba-
bility of reacting to stress, but if they did react, their reaction would be moderate to
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